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Five field experiments were carried out during the "rabi" season of 1991-
1993, to test the suitability of sewage wastewater for commercial cultivation of 
triticale varieties, Delfin, Juppa 'S', Mula 'S', Tigre 'S' (all Mexican) and TL-
419 (bred from Mexican parents and released by PAU, Ludhiana), taking one 
local high yielding cultivar of wheat (HD-2204) as check. These were irrigated 
with sewage wastewater and groundwater, supplemented with different doses of 
nitrogen and phosphorus and a fixed dose of potassium . The data were mostly 
found significant. 
In Experiment I (split plot), performed during 1991-1992, the compara-
tive utility of sewage wastewater and groundwater used as irrigant was studied 
on the basis of growth, yield and quality of five triticales, including Delfin, the 
best yielding Mexican variety among those already tested at Aligarh, Juppa 'S', 
Mula 'S', Tigre 'S' and TL-419, and one wheat (HD-2204) check. Sewage 
wastewater proved superior over groundwater. Among the varieties, Delfin 
performed best, followed by TL-419 and wheat. On the other hand Juppa 'S' and 
Mula 'S' gave the poorest response. rL-41 9 surpassed tlie wlieal check for grain 
quality, except protein content. 
Experiment 2 (split plot) was also performed in 1991-1992, to compare 
the effect of the two irrigants (sewage wastewater and groundwater) and of six 
doses of basal nitrogen (N.^, N,^ ,, N,^ ,^, N^^ ,^ N^ ^^  and N^^J. Sewage wastewater 
proved superior over groundwater. Nj^ ^ proved optimum, with doses higher than 
Nj2Q exhibiting luxury consumption. 
Experiment 3 (factorial randomised) was conducted during the year 1992-1993 
to study the effect of sewage wastewater alone together with four nitrogen doses (N ,^ 
Ngp, Ngj, andN,2o) on comparative performance of two varieties of triticale, namely TL-
419 and Juppa 'S' and one of wheat (HD-2204). N,JQ proved optimum for most of the 
parameters studied, including grain yield and quality. Among the varieties, TL-419 
proved superior to wheat and Juppa 'S' in terms of growth and yield parameters. 
Regarding grain quality wheat performed best, followed by TL-419 and Juppa 'S' for 
total soluble and insoluble protein content. However, for protein yield, TL-419 proved 
best, followed by wheat and Juppa 'S', in that order. 
Experiement 4 (factorial randomised) was carried out simultaneously with 
Experiment 3 (1992-1993) to study the performance of the same two varieties of triticale 
and one of wheat, namely TL-419, Juppa 'S' and HD-2204 as taken in Experiment 3 
under four basal phosphorus regimes, i.e. P ,^ P^ ,^ P^ ^ and P^ .^ Of these , P_,Q proved 
optimum for growth, yield and quality parameters while P^ proved wasteful. TL-419 
gave the best results regarding growth, yield and quality, except grain protein content. 
Experiment 5 (factorial randomised) was carried out together with Experi-
ment 3 and 4 (1992-1993), to find out the best combination of nitrogen and 
phosphorus doses of fertilizer (N„P„, N^„P^„, N,„P^„, N,^„P^„, N,„P,„, 
l^.o'^^n' N,,„P„,, N„„P,,„, N,^ „P,,„ and N ,^J \„ for the cultivation of TL-419 
and Juppa'S' irrigated with sewage wastewater. Of these, N,2QP^(, gave optimum 
results, including growth and yield characteristics. TL-419 out-yielded Juppa 
'S' in all respects. 
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CHAPTER-1 
INTRODUCTION 
There is strong global awakening lately to ensure proper 
management of the existing resources so as to make them long 
lasting for the benefit of mankind. Certainly, this has been 
necessitated because of population increase at an alarming 
rate. It is realized now that our resources are limited and 
should, therefore, be utilized properly so that they may 
remain available to future generations. On the other hand, 
their by-products should either be degraded or recycled 
without creating any extra burden in various terrestrial 
and/or aquatic eco-systems. 
Recent scientific advances in plant nutrition and 
fertilizer application have revolutionized crop production. 
Natural organic and inorganic substances are the primary 
sources of plant nutrients. Supplementation of natural 
fertility with commercial fertilizers is a profitable 
agricultural practice. With the demand for food increasing 
alarmingly, more and more land is being brought under 
cultivation, increasing the demand for fertilizers as well 
as irrigation water. Hence, the focus is shifting towards 
various non-conventional sources. Among others, one of the 
important irrigation as well as nutrient source is municipal 
wastewater, which carries about 99% water and the rest as 
organic and inorganic materials. Moreover, the ever-
increasing prices of commercial fertilizers and problems 
connected with wastewater and sludge disposal together with 
improved sewage handling techniques have made sewage water 
increasingly attractive to meet the twin objective of 
nutrition as well as irrigation inexpensively. Indian 
farming being largely dependent on the vagaries of the 
monsoon, due to which seasonal distribution of water is 
highly uneven, the farmers of modern India are willing to 
opt for greater uses of such wastewater, wherever available. 
Millions of litres of sullage and water are discharged 
as sewage and may be used for irrigation purposes. Since its 
disposal is a big problem in itself, applying sewage 
effluent to the fields, instead of dumping it in water 
bodies can make crops grow better due to the presence of 
various essential nutrients (Henry, 1954; Hershkovitz and 
Feinmesser, 1967; and Josef and Feinmesser, 1977) . 
However, before making any generalization, certain 
questions require positive answers. For example: 
1. Is it feasible to distribute sewage effluent on the land 
safely and in all seasons ? 
2. How much will the soil renovate the effluent ? and 
3. How will the effluent affect soils and crops ? 
The earlier researches have revealed that : 
1. Land filters effluent safely under proper management. 
2. Irrigation is possible in all weathers. 
3. Soil filters upto 99% of nutrients. 
4. Over 80% of the effluent water returns to the groundwater, 
5. Frequent harvesting improves renovation. 
6. Nutrients present in wastewater are utilised effectively. 
7. Effluent stimulates growth of plants. 
Chemical analysis of sewage water shows that many of the 
essential nutrients are present in it. The nutrients in 
reclaimed municipal wastewater provide fertilizer benefits 
to crops. But in certain instances, nutrients are in excess 
of plant needs and cause problems related to excessive 
vegetative growth, delayed or uneven maturity or reduced 
quality. A periodic check must be made to estimate the 
amount of nutrients being applied. These amounts should then 
be included as part of the fertilization programme (Overman, 
1979 b; Kumar et al., 1984; Veer and Kusumlata, 1987). 
Sewage also contains micro-organisms and is a medium for 
their dissemination. It has now been established (Feachem et 
al., 1983) that raw wastewater from a community usually 
carries a wide spectrum of pathogenic bacteria, viruses, 
protozoa and helminths which are excreted by those suffering 
from, or by carriers of, the particular diseases endemic in 
the community. 
Therefore, although the use of reclaimed water offers 
the potential for exploiting a "new" resource which can be 
substituted for existing sources, it must be approached with 
caution. Current concern about environmental quality 
requires a more responsible approach to effluent reuse so 
that both health risks and costs are minimized. Therefore, 
it is necessary to minimize the exposure and reduce the 
health concern in proportion to the degree of human 
contact with the effluent, the quality of the effluent, and 
the reliability of the treatment processes used to treat the 
wastewater before reuse. 
Triticale, a hybrid of wheat and rye, combines the high 
productvity and protein content of wheat with the vigour, 
hardiness, resistance and lysine content of rye. With its 
high yield (Inam, 1978) and nutritional value (Villegas, 
1973) and wide range of adaptibility (Hulse and Spurgeon, 
1974) . This new crop deserves to be given due place both in 
the laboratory and field, so that its potentialities as a 
feild crop may be exploited commercially. 
In a recent CIMMYT (Mexico) report on wheat improvement 
(Anonymous, 1988), it was suggested that triticale should be 
tested and cultivated in major dryland areas in the 
developing world, particularly North Africa and the Middle 
East, Central India, the dry areas of Afganistan and parts 
of Sind and Baluchistan provinces of Pakistan. Triticale is 
now known to be well adapted to various regions and climates 
and performs better than wheat in disease prone areas and 
semi-tropical highlands. At present, it is grown in 
Argentina, Australia, Brazil, Canada, China, Hungary, Kenya, 
Mexico, South Africa, Spain, USA and the erstwhile USSR. In 
India TL-419 triticle has already been released to the 
farmers of Punjab. However, it must be admitted that 
triticale is not yet expected to replace wheat as a 
commercial crop, although, at present in the best irrigated 
areas of Sonora (Mexico) , the home of the Mexican dwarf 
wheat new triticale varieties have started yielding as much 
as the best local wheat check and even better in some cases. 
In cereals however, high grain yield is not the only 
criterion, as nutritional value is equally important. Lysine 
is the most limiting essential amino acid of cereal proteins 
and the quality of a protein is generally measured by its 
lysine concentration. Triticale in general, contains higher 
grain protein and more balanced amino acid composition of 
protein, with high proportion of lysine, than wheat. 
Recently released varieties of triticale with their 
improved genetic makeup are being exploited to test their 
viability for commercially cultivation. Their optimum 
potential can, however, be realized after determining, by 
properly laid out field trials, the agronomic practices 
most conducive to maximum productivity. Plant nutrition is 
one of the major controlling factors of crop yield and 
quality among the various agricultural practices and thus 
demands considerable attention as varieties are known to 
differ considerably in their mineral nutritional 
requirements. At Aligarh (U.P.,India) a lot of work has been 
carried out on the mineral requirements of triticale by 
Afridi, Samiullah, Inam, Ahmad and their associates. 
The present study differs from these earlier studies as 
it was based on the effect of wastewater and its suitability 
as irrigant on some selected varieties of triticale, 
including wheat as check. It may be pointed out that 
wastewater application to triticale was considered a 
promising proposal since about 60 million litres of sewage 
is discharged outside the town limits of Aligarh daily by 
sewage pumping stations. Keeping in view the above facts, it 
was decided to conduct the following five field experiments 
on triticale: 
1. To study the effect of sewage wastewater and groundwater 
irrigation on growth, yield and quality of five 
triticales and a wheat check at three growth stages. 
2. To study the effect of sewage wastewater and groundwater 
irrigation at six doses of basal nitrogen on growth, 
yield and quality of triticale variety TL-419. 
3. To study the effect of four nitrogen doses on growth, 
yield and quality of two triticales and a wheat check, 
irrigated with sewage wastewater. 
4. To study the effect of four phosphorus doses on growth, 
yield and quality of two triticales and a wheat check, 
irrigated with sewage wastewater. 
5. To study the effect of ten combinations of N and P on 
growth, yield and quality of two triticales (TL-419 and 
Juppa'S') irrigated with sewage wastewater. 
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CHAPTER-2 
REVIEW OF LITERATURE 
2.1 Introduction 
Towns and cities as well as the industries situated in 
their vicinity consume large quantities of clean water from 
surface streams and groundwater and discharge it in the form 
of wastewater into the same streams which, in turn, become 
the source of water for downstream users. Except for some 
industrial effluents, most wastewaters contain moderate to 
high amounts of contaminants. However, sewage wastewater 
has often only 0.1% contamination (Middleton, 1977). It is 
well known that a large quantity of re-usable water resource 
exists in these wastewaters. Therefore, application of such 
wastewater to agricultural land can overcome some problems 
of wastewater disposal faced by municipal authorities. 
However, it may be pointed out that municipal wastewater (as 
also industrial wastewater) must be treated properly to 
minimize its harmful effects, before its disposal on 
agricultural lands for irrigation purposes. 
Sewage wastewater refers to the spent water of a 
community carried from residences and commercial buildings 
that enters the sewerage system operated by municipal 
authorities and generally discharged into surface waters 
(Middleton, 1977). 
Accoording to Wood et al. (1979), Shiekh and Irshad 
(1980), Ajmal and Khan (1983, 1985), Pound et al. (1984), 
Stroraberg et al. (1984), Bahera and Misra (1985), Hocking 
(1985), Sahai et al. (1985), Sahu and Adhikary (1986), Sant 
and Jha (1986), Nyampafene and Mtetwa (1987), Pathmanabhan 
and Udayakumar (1988), Aziz (1991), Gomathi and Oblisami 
(1992), Aziz et al. (1994 a, b, 1995), re-use of sewage and 
industrial wastewater, after proper treatment, for 
irrigation purposes is extensively practised in many 
countries, including India. The warm climate, the 
practically negligible flow in most of the rivers during the 
summer and the increased demand of food and vegetables for 
urban dwellers make irrigation with wastewater a suitable 
way of its disposal in our country. 
In India, the first sewage farm was established as far 
back as 1895. Today there are hundreds of such farms 
covering thousands of hectares of land and utilizing many 
millions of cubic metres of sewage water per day (Sorab, 
1977) . In the following pages, recent research work carried 
out on the use of sewage wastewater in agriculture and its 
impact on soils and plants will be taken into consideration. 
In addition, an important product, namely sludge, will also 
be considered with reference to its beneficial and harmful 
effects. Finally, the origin and cultivation of triticale 
in India and abroad will be reviewed, as it is a 
comparatively unfamiliar crop. 
2.2 Sewage water effect on plants 
Plants respond differently to wastewater in relation to 
seed germination, growth, yield and quality. Cultivation of 
non-edible crops, e.g. citronella (CymbopoQon wintereanus) 
and mentha (Mentha arvensis) irrigated with sewage water 
increased the net yield of oil by 30% to 40 % over the 
controls that recievefd plain water (CPHERI, 1970) . 
Sullivan (1970) studied the feasibility of using sewage 
treatment plant effluent for irrigating grass for a new city 
golf course in California, USA. He concluded that the usual 
limiting factors in plant growth being phosphates and 
nitrates, their presence in large quantities in sewage water 
would make it rather suitable for ensuring normal plant 
growth. Increased watering with the effluent showed an 
increase in vigour of growth as well as an increase in the 
fill-in rate of the grass plots. As no harmful effects were 
noticed when the plots were irrigated with effluent sewage 
water he justified the use of reclaimed water for irrigation 
of the golf course. 
Overman (1975) from the USA reported that pearl millet 
responded well to irrigation with secondary municipal 
effluent. Total dry weight increased while the dry matter 
content decreased with application rate, reflecting 
increased availability of soil moisture. Also, increase in 
crop concentrations of K, Ca, Mg and Na were noticed. 
Overman and Ku (1976) reported from Florida, USA that for 
effluent irrigation at an application rate of 500 lb/acre 
(560 kg/ha), the efficiency of recovery of nitrogen was 
approximately 70%. The effluent was found to be deficient in 
K for production of pearl millet. For forage crops, rye and 
ryegrass, split applications of N were found to increase the 
yield of rye forage over single application at planting. 
Increased levels of applied N produced higher yields of dry 
matter, higher protein content and increased uptake of N. At 
150 kg/ha of applied N, uptake was about 100 kg/ha N. Both 
rye and ryegrass responded well to irrigation with secondary 
municipal effluent. Dry matter yields showed a positive 
response to increased irrigation rates. Nutrient uptake 
generally increased with application rate, while recovery 
efficiency showed a decline for all elements measured. 
Bole and Bell (1978) studied the effect of application 
of municipal sewage wastewater on yield and chemical 
composition of forage crops in Canada. They reported that 
alfalfa surpassed the yield of 4 grass species. They also 
reported that the yields were increased and the yield 
differential between alfalfa and 4 grass species was 
decreased when additional inorganic nitrogen was added as 
fertilizer or even by doubling the amount of sewage 
wastewater. They concluded that wastewater N and fertilizer 
N were equally effective in increasing forage production 
while P application, through wastewater or fertilizer P, 
exceeded plant uptake. The P content of the forage was 
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unaffected by the tireatment and alfalfa proved to be the 
most suitable forage crop when the system was operated for 
optimum utilization of wastewater. 
Brar and Miller (1978) at Ohio (USA) , using raw sewage 
stabilization lagoon-land treatment system, found it 
effective. They applied raw sewage by spray irrigation to 
reed canary grass, soyabeans, alfalfa, and tree seedlings. 
They noted that the N and P content in the treated water 
for spray irrigation did not supply adequate amounts to meet 
the needs of the crops. 
Irrigation of crops with municipal effluent has been 
studied extensively by Overman and Evans (1978) in USA. They 
studied yield and growth characteristics of several forage 
crops under effluent irrigation. Yields of sorghum X 
sudangrass and Kenaf under effluent irrigation were close to 
those from fertility trials at the same level of applied N. 
Yields and nutrient uptake were found to increase with 
application rate. N content increased with increase in 
application rate ag is generally noted in nitrogenous 
fertilizer trials. They reported that recovery efficiency 
(nutrient harvested/nutrient applied), however, decreased 
with application rate. For both sorghum and sudangrass 
potassium uptake exceeded the application rate at 50 
mm/week leading to a depletion of potassium in soil. They 
suggested that supply of supplemental K by surface 
application injection in the irrigation system may be 
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necessary for continuous availability. 
v/Surface irrigation to pasture with treated sewage 
effluent was given by Quin and Syers (1978) in New Zealand 
and it was noted that its application for more than 16 years 
had little effect on the heavy metal composition of the soil 
and pasture. Slightly higher levels of Cu, Co, Mn and Zn in 
the effluent treated soil did not increase levels of these 
elements in the pasture. They attributed the absence of 
significant change in heavy metal content due to low level 
of these elements in the raw sewage, which was domestic in 
origin, v/^  
In New Zealand again, Quin and Woods (1978) studied the 
nutrient status of soil and pasture surface irrigated with 
treated sewage effluent and found that soil exchangeable 
Ca, and available P levels were much higher on the effluent 
treated area than on the conventionally irrigated area. 
Pasture production under effluent irrigation was 55% higher 
than on the non-irrigated area and 27% higher than on the 
conventionally irrigated area. However, chemical composition 
of pasture was more or less similar under effluent and 
conventional irrigations except for higher levels of Na and 
N03"-N and lower levels of Ca and Mg on the effluent applied 
pasture. 
-^Reynolds et al. (1978) worked at Utah State University 
(USA) on the effect of land application of wastewater. They 
opined that plants supplied with the secondary treated 
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municipal effluent generally supported better growth than 
those recieving normal irrigation. Plants in the treated 
plot were higher in Na and lower in heavy metals (Cu, Fe and 
Zn) concentrations 
Sopper (1978) conducted extensive experiment at 
Pennsylvania State University (USA) in which chlorinated 
secondary treated sewage effluent was spray irrigated on 
wheat, oats, corn, alfalfa, red clover, reed canary grass 
and forest land for 15 years. It was pointed out that, at 
higher rates of irrigation, N03~-N concentration 
significantly increased crop yields. Crop uptake was 50 % of 
the P and 150 % of the N applied by effluent irrigation. It 
also increased tree growth when effluent was applied for 15 
years to research plots at rates of 2.54-15.25 cm/week for 
16-52 week/year. Both crop land and forest land 
satisfactorily renovated wastewater. It was further noted 
that, in both vegetations, levels of Cu and Zn increased 
slightly but not to levels posing hazards in the food chain. 
--Wallace et al. (1978) at California (USA) carried out 
extensive work on sewage water as hydroponic growth medium 
for plants. According to them reclaimed water from sewage 
plant was a satisfactory source of nutrients (except for Fe) 
for growing crop plants in hydroponic culture under pilot 
plant commercial conditions. When solutions were renewed 
and adequate nutrients were present, a number of glasshouse 
crop plants could be grown commercially without toxicity 
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from salt or other materials. The crops were grown at energy-
savings compared with standard crop culture in that it was 
not necessary to use manufactured fertilizers. To avoid 
additional soluble nutrients to the sewage water, Fe was 
supplied either as foliar spray or as insoluble iron oxide 
applied to plant roots before transplanting. After the water 
was used in the hydroponic tanks much of the Cu, Zn, Mn, Fe, 
Ni, Pb and some of the N, P and K was stripped from water ,^^ 
At Tucs.on (Arizona, USA), Day et al. (1979) noted that 
wheat irrigated with pump water and municipal wastewater 
mixture produced taller plants, more heads per unit area, 
heavier seeds, higher grain yields and higher straw yields 
than did wheat grown with only pump water. Soluble salts and 
NO^'-N were higher in soils irrigated with pump water than 
in soils irrigated with pump water-wastewater mixture. 
However, the mixture had higher total N and P. They reported 
higher yields in plants grown under pump water-wastewater 
irrigation. 
Lau (1979) applied different dilutions of effluent as 
supplemental water for furrow irrigation of sugarcane 
plantations in Hawaii. It was reported that re-use was 
practised for irrigation of golf course and was planned for 
forage crops also. 
'-Overman (1979 a) applied secondary effluent from the 
city of Tallahassee (USA) to coastal Bermuda grass (Cynodon 
dactylon) and reported increase in yields and uptake of N, 
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P, K, Ca, Mg, Na, Fe and Zn with incresed irrigation rate. 
It was also noted that the content of dry matter and of N, 
P and K increased with irrigation rate. Later (Overman, 1979 
b) experiments on sorghum X sudangrass, corn silage and corn 
grain revealed that all these crops responded positively to 
effluent irrigation. Nutrient uptake and yield increased 
with irrigation rate, while dry matter content was 
independent of rates. y 
Palazzo and Jenkins (1979), working at Hanover (USA), 
studied the land application of wastewater and its effect on 
soil and plant K. They observed that the wastewater 
contained more than twice as much N as K. They also noted 
that the plant removal of K increased as the amount of N 
applied or removed by the forage increased. In their fifth 
year trial, it was noted that K fertilization increased 
total plant yields and the concentration of this element in 
plants and soil. They were of the opinion that excessive K 
applications may also cause problems in plant or animal 
nutrition and suggested that total applications of K 
(wastewater and fertilizer) should be adjusted to 90% of the 
amount of N expected to be removed by the crop. 
In New Zealand, Quin (1979) compared nutrient removal 
by harvested reed canary grass, rye grass and while clover 
in plots irrigated with treated sewage effluent. It was 
reported that harvested plots of reed canary grass produced 
similar dry matter yields and removed similar quantities of 
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nutrients as plots of rye grass and white clover. 
Quin and Forsythe (1979) studied surface irrigation of 
pasture with treated sewage effluent in New Zealand found 
drainage losses of nitrate and other nutrients. Annual 
losses of N in drainage were 180 kg/ha, about 100 kg/ha of 
this being leached from urine patches. This N loss, which 
would give a maximum* N03"-N concentration of 20 ppm in the 
drainage could be greatly reduced by pasture harvesting. 
Marten et al. (1980) carried out experiments over a 
period of four years at Minnesota (USA) in order to 
evaluate the effects of municipal wastewater effluent on the 
performance and feed quality of maize and reed canary 
grass. Effluent application increased more crude protein in 
reed canary grass per hectare than in maize. Also perennial 
grasses showed superior capacity compared to maize for 
removal of nitrogen from soil treated with large amounts of 
wastewater effluent. They were of the opinion that the 
grasses were the highest protein yielder per hectare, but at 
the same time the least digestible dry matter producers in 
effluent treated systems. 
Reynolds et al. (1980) at Utah (USA) compared the 
efficacy of treated municipal effluent with normal 
irrigation water and found that the secondary effluent was 
of satisfactory quality for crop irrigation. It was also 
reported that no significant accumulation of Cd, Cr, Cu, Ni, 
Pb and Zn could be attributed to the effluent irrigation and 
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concluded that no harmful accumulation of heavy metals on 
alfalfa grown at the effluent irrigated site was noted. 
Dugan and Lau (1981) , while working at University of 
Hawaii, in terms of reclamation and re-use, reported that 
the most feasible supplemental water source for Oahu appear 
to be treated municipal sewage effluent. It was easily 
available, had satisfactory fertilizer value and could be 
successfully used for irrigation. On completion of their 
research projects at Oahu, involving the application of 
secondary sewage effluent to grassland and sugarcane, it was 
revealed that : (a) secondary sewage effluent does not have 
harmful effect on plants as well as on public health, (b) 
secondary sewage effluent can serve as a fertilizer source 
and sewage disposal method, (c) the quality of the leachate 
below the root zone was similar to that observed under 
conventional agricultural practices, (d) in terms of sugar 
yield and groundwater protection, irrigation water 
consisting of sewage effluent upto at least 25% can be 
continuously applied to sugarcane. 
^y^own et al. (1983) studied in USA the fate and mobility 
of metals applied to soils in sewage effluent, utilizing 
secondary treated se*?age effluent ammended to contain less 
than 1 mg/L each of Cd, Cu, Ni, Pb and Zn. The effluent was 
applied weekly for a period of l year on large undistributed 
monoliths of four diverse soils enclosed in lysimeters and 
sprigged to common bermudagrass. They reported that the 
17 
metals were accumulated by bermudagrass when grown with 
secondary sewage effluent ammended soil./ 
Bone et al. (1984) from U.K. reported that large 
quantities of available sewage effluent contain the 
required nutrients for plant growth. They suggested a novel 
system of commercially used nutrient film technique for 
greenhouse crops in which a synthetic nutrient solution 
provides all the plant requirements in complete absence of 
soil. They also added that unlike conventional irrigation 
only a small amount of water is lost by transpiration and 
evaporation. 
In USA, Satterthwaite and Longnecter (1984) sprayed 
treated effluent on a golf course and two other vegetated 
areas. The effluent provided not only irrigation water but 
also nitrogen and other nutrients. Moreover, utilizing the 
sprayed effluent in this way helped in recharging the 
groundwater and reduced demand for irrigation water from the 
head waters which supplied fresh water for the city. 
A weed survey was conducted when irrigated with sewage 
wastewater at Berlin (Germany) by Goetz et al. (1985). In 
the first and second years, crops grown were orchard grass 
and darnel, maize, summer barley and winter rye. Various 
weeds were found to grow in fields of maize and the grasses, 
which were strongly affected by the presence of weeds 
initially. They also reported that the persistance of the 
weeds was augmented by irrigation. 
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Vimal and Talashilkar (1985) of Delhi (India) advocated 
the recylcing of sewage waste in agriculture as being rich 
source of plant nutrients, both sewage water and sludge 
showed potential for improving the soil fertility. 
Increasing concentration of various nutrients, such as N, P, 
K, Ca, Mg and Na were noticed in the leachate with the 
application of sludge and liquid sewage @ 40, 80, 120, 160 
t/ha. 
Baddesha et al. (1986) studied the irrigation and 
nutrient potential of raw sewage waters of Haryana (India). 
They found that five irrigations would provide about 181 kg 
N, 28 kg P and 270 kg per hectare. They recoiranended that 
about 162.73 million litres of untreated sewage produced in 
the state of Haryana per day may be utilized directly 
without any pre-treatment for irrigating 3,345 ha of 
vegetable crops or 5,017 ha of fodder crops or 4,457 ha of 
cereal crops instead of allowing these waters to cause 
pollution in rivers and on land. 
Fitzpatrick et al. (1986) studied the interaction 
effects of sewage effluent irrigation and suplemental 
fertilization on 20 species of ornamental trees grown for 
12-16 months in containers in Florida (USA). They noted that 
effluent irrigation markedly increased the growth in some 
species. They also noted significant interactions between 
irrigation and three species. However, the other species 
were not equally responsive. 
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Gideon et al. (1986) reported that treated municipal 
wastewater in Israel was mainly used for cultivation of 
summer crops such as cotton, corn and alfalfa. The strategy 
of conserving water in arid zones was to have supplementary 
irrigation of wheat to cover almost all evapo-transpiration 
losses and to increase wheat yield under the existing 
conditions. 
Chakrabarti and Chakrabarti (1987), working at Nagpur 
(Maharashtra), India, applied sewage and sludge on potato 
crop which increased its yield and acted as non-accumulator 
of Cr. They also noted high activity af aspartate amino 
transferase, alanine amino transferase and catalase in leaf 
and of proteinase and peroxide in stem and root 
respectively. They concluded that enzymes varied in root, 
stem and leaf of potato with diffferent treatments. Another 
study was conducted by them in 1988 (Chakrbarti and 
Chakrbarti, 1988) on irrigation with raw and differentially 
diluted sewage and application of primary settled sewage 
sludge. The parameters considered were growth and yield of 
wheat, enzymatic changes and trace element uptake. An 
increase in the concentration of Cu, Zn, Cr and Mn and a 
decrease in the activities of aspartate amino transferase, 
analine amino transferase and peroxidase was found. Catalase 
activities were significantly low in roots, stems and ear 
heads. There was significant decrease in proteinase activity 
in roots and ear heads of sewage irrigated plants. They also 
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noted that grain yields were not reduced due to decreased 
activity of enzymes.*/ 
Linum usitatissimum irrigated at Cairo University 
(Egypt) with sewage effluent once per week showed 
significant increase in P, K, Ca and Mg. On the other hand, 
when irrigated twice per week, levels of these nutrients in 
the plant were low (Kord, 1987). 
Veer and Lata (1987), while working at Meerut (U.P.), 
India, on the effect of municipal wastewater (containing 
sewage sludge and industrial waste etc.) on growth, yield 
and levels of some biochemical components of wheat, reported 
that application of wastewater increased the growth and 
yield in wheat. The levels of total nitrogen and phosphate 
were not significantly affected, although they noted that N 
was less in grains of plants irrigated with wastewater. 
However, levels of protein N, soluble N, non- reducing 
sugars and reducing sugars were less in grains of plants 
irrigated with wastewater. They concluded that irrigation 
with such water, although it enhances growth and yield, 
may have harmful effects due to the accumulation of some 
heavy metals. 
^^ ^^ --^ lyuchenko and Dronov (1988) reported from the USSR 
that residential sewage was responsible for accumulation of 
NO^'-N and some non metals and heavy metals (As, Br, Cd, Co, 
Cr, Cu, Fe, Mo, Mn, Ni, Pb, Se and Zn) in witch grass 
iPannicum antidotale) and soils. Accumulation of NO^'-N in 
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the fodder mass of the plants was more during vegetative 
phase while, at latter stage (flowering), it was decreased 
and was at the acceptable level .y 
Gupta and Kumar (1988) conducted the physico-chemical 
analysis of the sewage and soil of sewage irrigated fields 
of Aligarh (U.P., India). Their data revealed that both 
micro and macro-nutrients were present crossed the 
permissible limits. Yield was more in sewage-irrigated 
fields though accumulation of heavy metals made them 
hazardous for consumption. They also found that sewage-
irrigated plants rotted earlier than tubewell irrigated 
plants. 
Muthuchelian et al. (1988), working at Madurai (India) 
studied the influence of sewage water and surface sewage 
soil on photosynthesis, nitrate reductase activity and 
biomass accumulation of Phaseolus wuncro L. Sewage soil 
promoted chlorophyll sysnthesis while net photosynthesis 
and total soluble protein were unaltered. Nitrate reductase 
(NR) activity as well as biomass accumulation were 
decreased. They also reported that sewage water adversely 
affected chlorophyll synthesis, net photosynthesis, NR 
activity, total soluble protein, seedling growth and biomass 
production. 
Nagaraja and Krishnamurthy (1988), while working on the 
application of raw sewage effluent on the growth and yield 
of fodder grass at Banglore (India) together with four 
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levels of fertilizers (no fertilizer, 33, 50 and 100 % of 
recommended dose as 150 N, 100 P2O5 and 60 K2O kg/ha) 
reported that fodder yields were significantly more in 
sewage effluent treatment plots over well water. They also 
noted that fodder yield was lower in all fertilizer doses in 
ground water as compared with wastewater, maximum yield 
being obtained with sewage water and 150 N, 100 P2O5 ^^^ ^0 
kg K2O/ ha. 
_^/<fn case of vegetables like beets, carrots, spinach, 
cauliflower, coriander, lettuce, turnip and radish, 
accumualtion of heavy metals was in the order of 
Na>K>Fe>Cu>Cr>Pb>Ni when treated with raw sewage by Naheed 
et al. (1988) at Lahore (Pakistan). They also noted that raw 
sewage significantly affected the growth as well as the 
taste of these vegetables .\^ 
Papadopoulos and Stylianou (1988 a) applied treated 
municipal effluent by trickle irrigation on cotton 
(Gossypium hirsutum L. Cv Sindner 1980) in Cyprus. They 
observed that, municipal treated effluent containing 30 mg 
N/L can be used effectively in trickle irrigation systems as 
a source of irrigation water as well as nitrogen. They 
opined that ecological hazards due to NO^'-N may be 
minimized and salinity and sodicity may be maintained at 
acceptable levels. They (1988 b) also carried out another 
experiment to evaluate a secondary treated effluent as a 
source of N irrigation water for trickle irrigated Sudax 
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(Sorcrhum vulaare X Sorahim Sudanese) . Secondary treated 
effluent was compared with fresh water, both being 
supplemented with 0, 30, 60 or 90 mg N/L. Nitrogen was 
efficiently used from effluent. They reported that, with 
these N levels, no N03"-N accumulation occcured. It was 
noted that yield was increased with both waters at the 
supplementary N level of 30 mg/L. Yield was significantly 
higher with the application of treated effluent irrespective 
of nitrogen doses. 
Raj an and Ramulu (1988) in Tamil Nadu (India) performed 
a laboratory experiment to study the influence of sewage 
wastes on the dry matter yield of sorghum, maize and ragi. 
They considered four varieties each of these crops in soil 
samples representing 0-10, 10-20 and 20 cm layers of a black 
loam and a red clay loam soil column. In addition four rates 
of domestic treatments included soil sewage sludge (40, 80, 
120 and 160 t/ha) and 2 concentrations (50% diluted and 
undiluted) of liquid sewage. Sewage treated soils affected 
the growth of strong plant species and varieties. 
^^/-Jti various experiments conducted on lettuce, chard, 
wheat, vegetables and some other plants, supplying Cd, Cu, 
Fe, Mn, Ni, Pb and Zn through sewage waste decreased the 
dry matter and yield. Similar studies on the interaction of 
metals have also been conducted by Mahler et al. (1978), 
Bingham (1979), Bingham et al. (1979), Joseph (1984), Logan 
and Feltz (1985) and Singh & Keefer (1987) . ^ 
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Again in Canada, Neilsen et al. (1989) carried out an 
extensive study on tomato, sweet pepper, cucumber , bush 
bean, melon and onion grown with trickle irrigation, using 
either well water or secondary effluent discharged as 
municipal sewage effluent. Yields with effluent irrigation 
were greater than, or similar to, those obtained with well 
water. Effluent irrigation decreased Zn, increased P and 
gave variable results for other nutrients in plant tissue. 
They indicated that the use of trickle irrigation with 
wastewater had no major limitation for yields of vegetable 
crops particularly for the coarse textured soils. They also 
suggested that the effluent could supplement plant nutrition 
specially phosphorus. 
Shrivastva and Singh (1990) grew Abelmoschus 
esculentus at Datia, India on sewage-irrigated soil. Yield 
was found to be increased with the increase of sewage 
concentration in soil as were also heavy metal contents. 
Heavy metal content was more in fruits than roots and Cd 
accumulation was more in roots. Dry matter yield of plants 
was also found positively correlated with sewage 
concentration. 
Pratibha (1991) recorded the growth of sewage-irrigated 
coriander and fenugreek at Hyderabad (India). There was an 
increase in growth arrd yield of both coriander and fenugreek 
when irrigated with sewage compared with tap water 
irrigation. 
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Meheriuk and Neilsen of Canada (1991), while working on 
fruit quality of Mc Intosh apples, observed that those 
irrigated with municipal wastewater were softer at harvest 
and had lower fruit Cu than comparable fruit of plants 
irrigated with well water. Fruit size, percent, red skin 
colour, soluble solids content and fruit N, Ca, K/Ca, 
K+Mg/Ca, K+Mg+Na/Ca, B, Fe, Mn and Zn were not affected by-
source of water. Fruit P, Mg, K and Na were higher in apples 
irrigated with wastewater in the second but not the first 
year of the two year study. 
Soil and sweet cherry response to irrigation with 
wastewater was studied by Neilsen et al. (1991) in Canada. 
Prunus avium (sweet cherry) was applied combinations of two 
types of irrigation (well water and municipal wastewater) 
and three rates of nitrogen fertilization (0, 68, 136 g N as 
NH4NO3 /tree/year). Wastewater irrigation increased leaf N, 
P, K, B and Mn concentration and decreased leaf Mg and Ca. 
They reported that growth was increased after 2 years but 
not after 5 years by wastewater irrigation. 
v^-^^ora and Chhibba (1992) collected samples of soils and 
leaves of wheat as well as rice from farmers' fields in 
Punjab (India) along a spring water nullah (drain) in which 
the sewage water was poured. The concentrations of Cu and Fe 
in wheat leaves was found to be higher while that of Mn and 
S was less but rice leaves had higher concentrations of Zn, 
Cu, Fe as well as Mn. They concluded that the nutrient 
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status of the soil as well as plants grown along the drain 
was influenced significantly although the crops were not 
irrigated directly^j/^ 
Aziz and Inam (1995) studied wastewater quality of 
Aligarh sewage for the purpose of irrigation and its impact 
on soil and plants. The pH of sewage was almost neutral but 
the electrical conductivity (EC), total dissolved salts and 
cations were very high compared to ISI standards. It was 
also noted that the soil irrigated with sewage showed no 
significant change in pH, E.G., organic carbon and some 
cations. On the other hand the soil as well as the crops 
studied showed the accumulation of heavy metals in general 
and lead, chromium and nickel in particular. Leaves of all 
crops accumulated more heavy metals and inorganic chemical 
constituents as compared to the other parts of the plant 
studied. 
2.3 Sewage water effect on soil 
Soil fertility is usually discussed in the context of 
crop production which can be considered from the point of 
view of inherent soil fertility and induced soil fertility. 
Soils that are wet.., acid, alkaline or deficient in a 
particular element will support a specific plant community. 
Therefore, they can be regarded as fertile with regard to 
the plants growing on them. But when man wants to replace 
one of these natural plant communities with a crop, it may 
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be necessary to induce in the soil the type of fertility 
that would suit the needs of the crop. Several researchers 
have studied the effect of sewage addition on the changes in 
the physical, chemical and biological properties of soil. 
Since such wastewater could be utilized in agriculture, 
limitations were suggested, to avoid toxic metals. Two 
limits were suggested: the upper one represents the highest 
permissible levels of toxic metals in the wastewater for 
application to agricultural land and the lower one 
represents the concentrations allowed for long term 
application. If these limits are not exceeded it is believed 
that no considerable enrichments of heavy metals will be 
achieved (El Bassam and Thorman, 1976). 
Kessel (1976) studied, in the Netherlands, the removal 
of nitrate from sewage effluent. The loss of nitrate -N over 
a 800-m long reach of a canal was studied in a field 
experiment during a period of 20 days. It was noted that 56% 
of the nitrate originating mainly from sewage effluent had 
disappeared during its flow through this distance where the 
retention time was 1.7 days. 
In the soil, uncontrolled trace element input was 
undesirable because, once allowed to accumulate in the soil, 
it was practically impossible to remove these substances. 
Subsequently these could lead to: l. toxicity to plants 
grown on the affected soils and 2. absorption by crops 
resulting in the building up of trace element levels in the 
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plant tissue considered harmful for the health of humans or 
animals. Among the trace elements commonly found in the 
wastewater, B, Cd, Cu, Mo, Ni and Zn are considered to 
present potentially serious hazard if they are introduced 
into the cropland soils in an uncontrolled manner (Shuval, 
1977) . 
Schalscha et al. (1979) determined NO3" concentrations 
in soils, drainage and well waters in a 15 hactare field 
irrigated with raw sewage water for more than 25 years to 
study nitrate movement. They reported that percolating water 
below the root zone leached 350 kg/ha/ year of N03"-N. They 
also observed that the concentration of N03"-N ranged from 
20-35 mg/L in percolating water of the unsaturated zone, 
while well waters contained 9-14 mg/L. 
Tirsch et al. (1979) studied at University of 
Massachussetts (USA.)the fate of heavy metals in wastewater 
and compared with soil binding of Cu and Cd in raw, primary 
calcified, trickling filter and extended aeration effluent 
wastewater. They found that cation competition, pH effects 
and complexation with organic compounds gave rise to poor 
binding of Cu and Cd from the wastewaters compared with 
pure salt solutions. 
_,.Bfown et al. (1984) observed extractability of metals 
applied to soils in sewage effluent in the U.S.A.. Secondary 
treated sewage effluent spiked with Cd, Cu, Ni, Pb and Zn 
was applied weekly to four diverse soils for one year. Soil 
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samples were taken periodically and analyzed for DTPA, H2O, 
NH4 OAc, H2O2 and HN[03-HF-extractable metals. Increases in 
the fraction of the total soil metals that were DTPA-
extractable were found in three of the four soils studied, 
indicating that these metals from the applied effluents may 
be more available to plants. Of the metals studied, Cd had 
the largest DTPA-extractable portion, indicating the 
potential for increased Cd uptake by plants from soils to 
which effluent containing Cd had been applied.,^ '^  
Zartman and Gichuru from Texas (1984) studied the effect 
of saline wastewater irrigation on soil chemical and 
physical properties. Field plots were furrow irrigated for 4 
years with two, saline waters of different quality at three 
irrigation levels. Soluble salts increased in all irrigated 
plots with the highest concentrations in the plots irrigated 
with blow down water( by product from cooling towers). ECe 
values increased from 0.4 dS/m in the control (non 
irrigated) plots to 6.0 dS/m in plots irrigated with high 
levels of blow-down water. Soluble Na, Ca and SAR increased 
in all irrigated plots with the highest values occurring in 
plots irrigated with high levels of blow down water. Soluble 
Mg was greatest in the plots irrigated with city water. 
Azad et al. (1987) studied the effect of sewage 
wastewater on some soil properties at Ludhiana (India). 
Irrigation experiments with sewage wastewater showed that 
the pH of the soils amended with sewage water was lower than 
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that of the soils irrigated with tubewell water (7.9-8.3 in 
sewage and 8.6-9.0 in tubewell irrigated soil). The 
available N content of surface soils irrigated with sewage 
water and tubewell water was 87 and 51 ppm respectively and 
it decreased with depths. Avaialble P content of soils 
followed a trend similar to that noted for available N. 
Total P and K content of soils followed the similar trend as 
that of sewage amended soils and were more by 47 and 34 
percent respectively than those of adjacent tubewell water 
irrigated soils. These nutrients irrespective of depth, 
were higher in sewage water amended soils than that in soils 
after tubewell water irrigation. 
Menon and Bhattacharya (1988), working at Delhi, India, 
on the effect of sewage effluent on the movement of 
available calcium and magnesium in soils, prepared soil 
columns by filling 15 x 60 cm PVC columns with Delhi soil. 
The columns were given three types of effluent namely raw 
sewage, primary treated sewage and secondary treated sewage. 
After a periodic analysis of the soil at four different 
depths (surface layer, 15, 30 and 45 cm) . Calcium and 
magnesium concentration increased appreciably on sewage 
application. They reported that the calcium concentration 
followed a cyclic pattern of inverse and decrease while that 
of magnesium showed a gradual increase. 
Schipper at al. (1989) studied nitrogen renovation in a 
forest spray irrigation system in New Zealand that was 
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monitored by soil and ground water nitrate and chloride 
concentrations for 14 months. Nitrate concentrations in the 
soil water in the spray zone increased to 37 g N03"-N but 
were less than 0.1 g N03"-N in the wetland. The results 
indicated that approximately 98% of the nitrogen applied to 
the site was removed, indicating that denitrification was 
the main pathway of loss. 
^^lagaritz et al. (1990) reported from Israel the 
presence of Ag, Cu, fe, Mn and Zn in sewage effluent. They 
determined the metal concentration for groundwater 
suspended matter from coastal aquifer which had been 
irrigated with secondary sewage effluent. Fine sediments 
were collected from both the unsaturated and saturated zones 
of the contaminated aquifer, as well as from an adjacent 
uncontaminated environment. Comparison of the aquifer 
samples to those of the adjacent environment showed that Fe 
and Mn were primarily enriched in non mobile fine 
sediments and not in suspended matter, whereas the 
concentration of Zn, Cu and Ag showed an order of magnitude 
enrichment in the suspended matter that indicated the 
passage of metals from sewage effluent, through agricultural 
activities, to groundwater level. 
^^^.^Shrivastava et al. (1990) discourage irrigation of 
wheat crop with Jalmahal lake water in which sewage of 
Jaipur (Rajasthan), India was disposed. The presence of a 
high Fe, Cu, and Cd concentration in the soils beneath the 
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sewage disposal pond indicated a high degree of 
contamination of lake water with soluble metallic species, 
discharged in the lake from households and small scale 
industrial units situated in the city limits. An analysis of 
wheat plants grown on soil irrigated with this water 
indicated tissue contamination with these metals in 
comparison to the control.'^ 
Arora and Chhibba, (1992) found that in the sewage 
influenced areas of Punjab, the soils had lower pH, CaC03 
and organic carbon contents. While available Cu was 
distinctly higher in the native soils, the percentage of Zn 
in the samples was mych lower. However, the sewage affected 
soils were richer in Zn, Cu, Fe, as well as Mn. ^^^ 
^^ancino and Pepper (1992) determined the influence of 
secondary treated municipal wastewater irrigation in 
Arizona, the U.S.A., on the chemical quality of bermudagrass 
turf soil and found that, after 3.2 years of use, effluent 
water increased soil EC by 0.2 ds/m, Na by 155 mg/kg, Pb 26 
mg/kg and K by SO mg/kg in comparison with potable water 
irrigated plots. Soil pH was not significantly affected by 
effluent irrigation. The concentration of Fe, Mn, Cu and Zn 
was found to be within the range considered normal for 
agricultural soils. Effluent irrigation increased soil total 
organic carbon and nitrogen during the first 1.3 years of 
irrigation only. Total aerobic bacteria populations were 
similar in all irrigated plots, indicating that these 
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microbes were not promoted or inhibited by the use of the 
wastewater. They concluded that the irrigation of turf soil 
for 3.3 years with the secondary treated wastewater used in 
this study had no serious deterimental effects on soil 
quality. 
Presence of N and P was reported in sewage from 
Boston (USA) Weiskel and Brian (1992) . They also observed 
that changes of land use in coastal watersheds to 
residential development with on-site sewage disposal 
represent a potential change in both the quantity and 
quality of nutrient inputs to coastal marine systems. It may 
be concluded that some degree of treatment must be provided 
to untreated municipal wastewater before it can be used for 
agricultural or landscape irrigation to avoid accumulation 
at toxic levels in the soil. ^^ 
2.4 Sewage sludge 
Sludge is the soft muddy portion in the sewage and 
industrial effluents. Increasing prices of chemical 
fertilizers, problems connected with sludge disposal, 
improved sludge handling techniques and tendencies towards 
recycling of materials, have made sewage sludge increasingly 
attractive as biofertilizer for agricultural purposes. The 
usefulness of sludge, however, may be out-weighed in some 
cases due to its higher content of noxious elements, 
including heavy metals. It may be pointed out that, although 
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sludge forms an integral part of wastewater, it is not as 
such, relevant to the research problem of the present 
reviewer. Literature pertaining to it has therefore, been 
considered here only briefly. 
Working with cereals, legumes, vegetables, grasses and 
some other plants with various types of sludge, a number of 
workers in India and abroad have observed a positive effect 
on percent germination, growth, yield, quality, nutrient 
uptake, and ion accumulation in various plant parts. 
Mention may be made of Haunold and Zvara (1977), Dowdy et 
al. (1978), Elseewi et al. (1978), Bates et ai. (1979), Chan 
et al. (1979), Cohen and Bryant (1979), Sheaffer et al. 
(1979), Zvara (1979), Clapp (1980), Kirkham (1980), Carlson 
et al. (1982), Horak et al. (1982), Brown et al. (1983), 
Danneberg et al. (1983), Stone and Kirkham (1983), 
Talshilkar (1983), Zvara and Herger (1983), Higgins (1984), 
Hinesly and Redborg (1984), Hutchings (1983), Harding et 
al. (1985), Soon and Bates (1985), Unger and Fuller (1985), 
Day and Thompson (1986), Dawson (1986), Heckman et al. 
(1986), Korcak (1986), Bahrija and Kabul (1987), O'Riordan 
et al. (1987 a, b, c, d) , Bell and Charles (1988), Bell et 
al. (1988), Day et al. (1988) Day and Thompson (1988), 
Gagan et al. (1988), Grenier and Couillard (1988), Hue et 
al. (1988), Lane (1988), Rajan and Ramulu (1988), Stone and 
Harry (1989), Day et al. (1990), Fresquez and Dennis (1990), 
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Sabey et al. (1990), Ayuso et al. (1992), Chui et al. 
(1992), Cripps et al. (1992), Gupta et al. (1993), Hughes et 
al. (1993) and Menelik et al. (1994). 
On the other hand, sludge applied to cereals, grasses, 
vegetables, legumes ^nd some other plants under different 
agro-climatic conditions, resulted in reduced yield, growth 
and seed germination, microbial immobilization of metals 
present, decrease in rhizobial population and in increased 
weeds, accumulation of metals in plant tissues to toxic 
levels and seedling mortality as reported by a number of 
workers, including Mahler et al. (1978), Mitchell et al. 
(1978), Wollen et al. (1978), Bingham (1979), Furr et al. 
(1979), Walker and Dowdy (1980), Wong et al. (1981), Berrow 
(1982), Reddy et al. (1983), Mc Grath (1984), Mashhady 
(1984), Williams et al. (1984), Coombes and Daniels (1985), 
Kovacs and Fogarasi (1985), Nashikkar et al. (1986), 
Juwarkar and Shende (1987), Singh and Keefer (1987), Jokinen 
(1990), Chang et al. (1992) and Vega et al. (1992). 
Many other workers have considered sludge for land 
application and soil amendment, as a source of N, P and 
micro-nutrients, for its residual effect in the digested 
form for irrigation, reclamation of mined land and as 
soil conditioner and fertilizer. The manurial value of 
liquid undigested sewage sludge, radiation disinfection of 
liquid sewage sludge for safe reutilization, organic 
pollutants and soil microbial activity also form the basis 
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of some of these researches. Mention may be made in this 
connection of Berg (1978), Braude et al. (1978), de Vries 
and Tiller (1978), Doty et al. (1978), Latterell et al. 
(1978), Maclean and Dekker (1978), Pommel et al. (1978), 
Sims and Boswell (1978), Soon et al. (1978), Beckett et al. 
(1979), Bingham et al. (1979), Furr et al. (1979), Gabler 
(1979), Jones et al. (1979), Matthews (1979), Hinesly et al. 
(1980), Lewin and Beckett (1980), Schaur et al. (1980), 
Roberta and William (1981), Patterson et al. (1982), Ilo 
(1983), Kirkham (1983), Horvath et al. (1983), Simon et al. 
(1983), Wong et al. (1983), Berthet et al. (1984), 
Elsokkary (1984), Joseph (1984), King (1984), Hansson 
(1985), Helen and Davies (1985), Logan and Feltz (1985), 
Logan and Esmaeilzadeh (1985 a, b) , Vimal and Talashilkar 
(1985), Badamchian (1986), Anon (1987), Coker et al. (1987), 
Johnson et al. (1987), Muntau et al. (1987), Werner et al. 
(1988), Couillard and Grenier (1989), Sudhakara (1990), 
Thomas and Robert (1990), Krichmann and Thengsued (1991), 
Diez et al. (1992), Harsojo and Suwirma (1992), Maiti et al. 
(1992), Serna and Pomares (1992) and Brendecke et al. 
(1993) . 
2.5 Triticale 
Triticale is an artificial derivative of a cross between 
wheat and rye. Its history is just over 100 years old. It 
was Wilson, a Scottish researcher in 1875 , who published 
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the first report of a hybrid between wheat and rye. He 
obtained two seeds by hand pollinating emasculated wheat 
florets with rye pollen. But there was a serious 
disadvantage because of seed sterility and a further 
generation could not be obtained. In 1883, another attempt 
to cross wheat and rye was made by Carman. A single hybrid 
plant was open pollinated and a descendant, named RNY No. 
6, was later grown to some extent. However, it was the 
German scientist Rimpau who succeeded in producing a fertile 
hybrid of wheat and rye in 1891 . In the beginning of the 
twentieth century, Strempelli crossed Rieti wheat with rye 
and back crossed thfe F-j^  with Reiti. In 1915, naturally 
occuring wheat X rye hybrids were described by Leighty which 
were found in wheat fields and in experimental plots of 
wheat at the US Department of Agriculture Experimental Farm. 
Intensive research on triticale, however, was started at 
Sartov Research Station (former USSR) in 1918. The wheat-rye 
natural hybrid, Erythrospermum 46/31, in south eastern 
Russia, represented a major contribution to the USSR economy 
in later years. In 1928, Meister and Tjumjakoff produced 
reciprocal wheat-rye hybrids. In these crosses, seed set was 
comparatively higher, using the wheat parent as female 
(Briggle, 1969). 
Muntzing began intensive research on triticale in 1934 
at the University of Lund (Sweden). His contribution to the 
knowledge of the cytology, genetics and improvement of 
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triticale is outstanding. His work did much to encourage 
other scientists to undertake triticale research in many 
parts of the world. The use of colchicine, by Givanden 
(1937), in France, to overcome the disadvantage of 
sterility, toghether with the perfection of embryo culture 
techniques in 1940 proved of great advantage in this 
respect. The first hexaploid triticale was reported by 
Derzhaven (193 8) from a cross between durum wheat and Secale 
montanum . A hexaploid triticale from a durum wheat X 
cultivated rye (S_^  cereale) cross was also obtained. 
O'Mara (1948) , played an important role in the 
development of triticale in North America and Europe. Soon, 
numerous new hexaploid triticales were produced from 
combinations of different strains of tetraploid wheat and 
diploid rye at various research centres by Nakajima (1952, 
1958, 1963), Sanchez Monge et al. (1956, 1959), Pissarev 
(1963), Kiss (1966), Larter (1968) and Jenkins (1969), as 
reported by Zillinsky (1974). 
Discoveries of new techniques in plant breeding opened 
the door for further promotion of triticale. Significant 
contribution was made by Kiss, a Hungarian plant breeder who 
started research on triticale in 1949. He took Triticum 
turgidum as female parent in crosses with Hungarian rye 
varieties and obtained his first primary hexaploid triticale 
in 1951. In 1952, he also produced a primary octaploid 
triticale. He started crossing octoploid and hexaploid 
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triticale in 1954 and obtained in 1960 a secondary hexaploid 
triticale that was more productive than either of the 
parental forms (Zillinsky, 1974) 
At the University of Manitoba, research on triticale was 
started by Borlaug in 1958. Later in 1964 CIMMYT (Mexico) 
joined a cooperative research programme to accelarate the 
development of triticale as a cereal crop. This research 
project on triticale was finally assisted by Rockfelller 
Foundation, the Ford Foundation and the US Agency for 
International Development (Machenzie et al., 1973). In 1968, 
intensive selection trials were conducted to obtain better 
fertility in triticales. Finally, a few plants with improved 
fertility were found in the F-j^  population of a cross between 
two hexaploid triticales. The average percentage of seed set 
of two of the original lines was about 6% below that of 
adapted bread wheat strains and 15% above the best original 
hexaploid triticales. These few plants eventually provided a 
major breakthrough in triticale improvement (Zillinsky and 
Borlaug, 1971). Among the characters associated with these 
selections, which were later identified as Armadillo strains 
(Zillinsky and Borlaug, 1971) were high fertility, improved 
test weight, better grain yield, insensitivity to day 
length, one gene for dwarf ness, early maturity and good 
nutritional quality. A verification that a bread wheat 
progenitor was involved in the origin of Armadillo was 
obtained in 1973 when a D chromosome was found to be 
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substituted for one of the rye chromosomes (Gregory, 1973) . 
As the weather pattern at CIMMYT's Toluca experiment 
station in Mexico allows winter growth habit cereals to be 
planted in November, crosses like winter triticale, winter 
rye X spring wheat, winter wheat X spring rye and winter rye 
X spring triticales could be undertaken in the field on a 
large scale. When the first test of winter tritcale was 
conducted at Ontario (Canada) in the winter of 1974-75, 90% 
of the planting was killed by cold and most of the survivors 
were very poor types. But, of the surviving triticales, one 
plant in ten looked as good as spring triticales grown in 
Mexico and these formed the parent stock for continuing 
improvement (Anonymous, 1976 a) . 
International testing data continued to confirm the high 
yield potential of triticale and production advantage over 
wheat, mostly in problem areas such as acidic soils, 
drylands, highlands, winter regions, high production winter 
regions, Mediterranean regions, subcontinent regions and 
cool highland production environment (Anonymous, 1980; 
Abdalla et al., 1989). 
Progress in the areas of crop genetic and breeding, 
human and animal nutrition, disease and pest resistance, 
baking quality agronomical practices, weed, and their 
control, entomological, physiological, embryological, 
virological, mineral nutrition and fertilizer application 
were also undertaken at various places both outside India 
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(Prohaszka et al., 1971; Gerek and Kutluk, 1972; Lafever and 
Schmidt, 1972; Sanchez-Monge, 1972; Acosta, 1973; Barnett, 
1973; Kiss, 1973; Fodor, 1974; Nass et al., 1975; Anonymous, 
1976 b; Andrascik and Licko, 1977; Demir et al., 1978; 
Etchevers and Moraghan, 1978; Tahir, 1978; Bishnoi and 
Mugwira, 1980; Pino and Rodriguez, 1980; Jardine and 
Gunther, 1982; Graham et al., 1983; Barriga et. al., 1984 a 
Dimitrov, 1984; Ford et al., 1984; Baier and Luiz, 1985 
Dimitrov, 1985; Saleh et al., 1985; Abdalla et al., 1986 
Latif et al., 1986; Tsaukova et al., 1986; Aquilina, 1987 
Naylor, 1987; Vaulina, 1987; Bizid et al., 1988; Brignall 
et al., 1988; Gallardo and Fereres, 1989; Gohil et al., 
1988; Peterson and Allan, 1989; Gardner and Barnett,1990; 
Hassawi et al., 1990; Baier, 1991; Mumindzhanov, 1992; 
Nkongolo et al., 1992; Sheng and Hunt, 1992; Arseniuk et 
al., 1993; Balatero and Norman, 1993; Blazwicz, 1993; Dinev 
and Stancheva, 1993; Ellen, 1993; Fossati et al., 1993; 
Halina et al. 1993; Hommo and Pulli, 1993; Immonen, 1993 a, 
b; Immonen et al., 1993; Katayama et al., 1993; Kison and 
Neumann, 1993; Lehmann and Krowlow, 1993; Mugwira and 
Bishnoi, 1993; Nkongolo et al., 1993 a, b; Noimann et al., 
1993; Orsi and Laztity, 1993; Ramos et al., 1993; 
Trethowan et al., 1994) and in India, (Sisodia, 1971; Anand, 
1972; Chauhan, 1972; Chauhan and Bajpai, 1972; Sethi and 
Singh, 1972; Chandrappa, 1973; Chandrappa, 
1974; Bakshi et al., 1975; Reddy and Lai, 1976; Agarwal, 
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1977; Dhiman and Kalra, 1977; Misra, 1977; Ali and 
Rajput, 1978; Bhardwaj and Agarwal, 197 8; Agarwal, 197 9; 
Kalra and Dhiman, 1979; Bali, 1981; Gill, 1981; Modi and 
Lai, 1981; Chawla and Kapoor, 1982, 1983; Singh et al., 
1982; Gill et al., 1986; Sinha et al., 1986; Agarwal and 
Sinha, 1987; Gupta and Patil, 1987; Jain and Khanna, 
1987; Khan, 1987; Samra and Singh, 1987; Gade, 1988; Kaur 
et al., 1988; Malik et al., 1988; Reddy, 1989; Reddy and 
Bahl, 1989; Bakshi et al., 1989; Mahajan and Nayeem, 1990; 
Saxena, 1992; Gill et al., 1993; Kapila and Sethi, 1993), 
including the intensive research undertaken at Aligarh 
(Afridi et al., 1977; Inam, 1978; Abbas ,1980; Inam et al., 
1981; Inam et al., 1982 a, b; Abbas et al., 1983 a, b; 
Ashfaq et al., 1983 a, b, 1984, 1986; Alvi, 1984; Alvi et 
al., 1984; Inam et al., 1985; Moinuddin and Ata, 1985; 
Moinuddin, 1987; Haque et al., 1988, 1989, a,b; Moinuddin 
et al., 1990 a,b; Aziz, 1991; Samiullah, 1991; Inam, 1992; 
Inam et al., 1993; Fatima, 1993; Aziz et al., 1994 a,b). 
2.6 Conclusion 
As is evident from the above review of literature, 
much scope exists in using the sewage wastewater as a 
substitute irrigant in place of groundwater because of the 
following advantages: 
(a) low cost 
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(b) economical disposal of wastewater to prevent pollution 
and sanitary problems 
(c) effective use of nutrients contained in sewage. 
(d) economization of inorganic fertilizers. 
Moreover, it is now well established that triticale has 
high yield potential and production advantage over wheat 
mostly in problem areas. Therefore, sewage wastewater 
application, at proper dilution could be tested on 
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MATERIALS AND METHODS 
To fulfil the aims and objectives mentioned earlier 
(Chapter 1), five field experiments were conducted to test 
the suitability of wastewater, taking various varieties of 
triticale, namely Delfin, Juppa'S', Mula'S', Tigre'S' (all 
Mexican) and TL-419 (bred from Mexican parents and released 
by PAU, Ludhiana, India) and one local high yielding 
cultivar of wheat i.e. HD-2204 as check. These were 
irrigated with sewage wastewater and ground water, 
supplemented with different doses of nitrogen and phophorus 
and a fixed dose of potassium under local agro-climatic 
conditions. These trials were conducted during the 
'rabi'(winter) season of 1991-1993 at the University Farm of 
Aligarh Muslim University, Aligarh, India. 
3.1 Agro-climatic conditions 
Aligarh is one of the sixty eight districts of Uttar 
Pradesh (North India). It has an area of 5,024 sq km and is 
situated at 27° 52'N latitude, 78°51' E longitude and 187.45 
m altitude. Its climate is semi-arid and sub-tropical, with 
hot dry summers and cold winters. The winter extends from 
the middle of October to the end of March. The mean 
temperature for December and January, the coldest months, is 
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about 15°C and 13°C and the extreme minimum record for any 
single day is 2°C and 5°C respectively. The summer extends 
from April to the end of June. The average temperature for 
May is 34.0°C and for June, 34.5°C, whereas, the extreme 
maximum record is 45°C and 45.5°C respectively (Fig. 1). The 
average annual rainfall is 647.3 mm. More than 85 percent of 
the total rainfall occurs during June to September and some 
10 percent, in the winter (Fig. 2) . The winter rainfall is 
useful for the 'rabi' crops. The meteorological data for the 
period of present investigation were recorded at the 
Meteorological Observatory, Department of Physics, Aligarh 
Muslim University, Aligarh. 
Aligarh district has the same soil composition and 
appearance as that found generally in western Uttar Pradesh. 
Different types of soils such as sandy, loamy, sandy loam 
and clayey loam are found in the district. The soil of the 
experimental field was sandy loam. 
3.2 Preparation o£ experimental field 
Before the start of each experiment, the field was 
thoroughly ploughed to ensure proper aeration alongwith the 
elimination of weeds. Plot size was kept 10 sq m. One light 
irrigation was given before each sowing to provide proper 
moisture for maximum germination. 
3.3 Field experiments 
The following field experiments were conducted according 
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to the scheme of treatment given below. Experiment 1 and 2 
were conducted in the first 'rabi' season while 3, 4 and 5 
were laid out in the next *rabi' season. 
3.3.1 Experiment 1 
This experiment was conducted during the 'rabi' season 
of 1991-92 to test the comparative utility of sewage 
wastewater and ground water used as irrigant, on the basis 
of growth, yield and quality of five triticales, including 
Delfin, the best yielding Mexican variety among those 
already tested at Aligarh, Juppa'S', Mula'S', Tigre^S' and 
TL-419, and one wheat (HD-2204) check. Three irrigations 
were given either from tubewell for ground water (control) 
or as sewage wastewater discharged from the municipal 
sewage pump, Aligarh. The design of the experiment was 
split plot, with three replications. Urea @ 120 kg N/ha., 
monocalcium superphosphate @ 60 kg P/ha., and muriate of 
potash @ 60 kg K/ha., were used as the sources of nitrogen, 
phosphorus and potassium respectively. This dose was 
selected on the basis of earlier fertilizer trials conducted 
on triticales at Aligarh. The seed rate was 150 Kg/ha and 
the sowing was done on 10^" November, 1991 by 'behind the 
plough' method. Weeding was done twice at tillering and 
heading stages and harvesting, on 20*-^  April, 1992. 
3.3.2 Experiment 2 
This experiment was conducted simultaneously with 
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Experiment 1. The aim of this experiment was to compare the 
effect of two irrigants (sewage wastewater and ground 
water) and of six doses of basal nitrogen on the growth, 
yield and quality of triticale variety TL-419 because of 
its origin in India. Like Experiment 1, irrigation water 
was obtained from sewage pump and tubewell. A uniform basal 
dose of phophorus and potassium @ 60 kg P and 60 kg K/ha 
each was applied. The nitrogen doses were NgQ, N^Q, N2^20' 
^150' ^180 ^^^ ^210* "^ ^^  design of the experiment was split 
plot with three replications. The agricultural practices, 
like sowing date, seed rate, sowing method, weeding, sources 
of irrigation water, irrigation schedule, sources of 
nitrogen, phosphorus and potassium, sowing and harvesting, 
were the same as in Experiment 1. 
3.3.3 Experiment 3 
This experiment was conducted in the following 'rabi' 
season (92-93). The aim of this experiment was to study the 
effect of sewage wastewater alone together with four 
nitrogen doses (NQ, NgQ, Ngg, N2^ 2o^  °^ comparative 
performance of two varieties of triticale, namely TL-419 
and Juppa^S' and one of wheat (HD-2204) . A uniform basal 
dose of phosphorus and potassium @ 60 kg P/ha and 60 kg K/ha 
each was applied at the time of sowing. The design of the 
experiment was factorial randomized. The sources of 
nitrogen, phosphorus and potassium were urea, monocalcium 
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superphosphate and muriate of potash respectively. The 
agricultural practices were adopted as in earlier 
experiments. The crop was sown on 15^ November, 1992 and 
harvested on 18^^ April, 1993. 
3 .3 .4 E3q>erriment 4 
This experiment was carried out together with experiment 
3. The aim of this experiment was to study the performance 
of the same two varieties of triticale and one of wheat, 
namely TL-419, Juppa'S' and HD-2204, as taken in Experiment 
3 under four basal phosphorus regimes, i.e. PQ, P20' ^ 4^0 ^^^ 
PgQ. A uniforro basal dose of nitrogen and potassium (120 kg 
N/ha and 60 kg K/ha) was applied before sowing. As in 
Experiment 3, the plants were irrigated with sewage 
wastewater.The design of the experiment was factorial 
randomized with three replications. The agricultural 
practices were the same as in previous experiments. The 
crop was sown on IG*-^  November, 1992 and harvested on 19^^ 
April, 1993. 
3.3.5 Experiment 5 
This experiment v^ as performed toghether with Experiments 
3 and 4. The aim of the study was to find out the best 
combination of nitrogen and phosphorus doses for the 
cultivation of the Indian variety of triticale, namely TL-
419 selected on the basis of its performance in earlier 
experiments. Juppa'S' being a low yielding variety of 
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triticale (Experiment 1) was included for contrast. The 
plants were irrigated with sewage wastewater only. The 
different combinations of nitrogen and phosphorus were NQPQ, 
^60^20' N90P2O' ^120^20' ^60^40' N90P40' ^120^40' ^60^60' 
9^0^ 6^0 ^^^ ^120^60- •^  uniform basal dose of potassium @ 60 
kg K/ha was applied simultaneously. The design of the 
experiment was factorial randomized. The cultural practices 
were the same as in 3 and 4 experiments. The crop was sown 
on 17^^ November, 1992 and harvested on 20^^ April, 1993. 
3.4 Sampling of materials 
Soil, water and plant samples were collected according 
to the requirement of each experiment undertaking the 
following procedure. 
3.4.1 Soil 
Samples of soil were collected for analysis before 
sowing for each experiment. To obtain a composite sample, 
small quantity of soil was collected from a depth of 15 cm 
from ten well distributed spots. These were thoroughly mixed 
on a polythene sheet. Only 500 g of each composite sample 
was kept in polythene bags with discription and 
identification for analysis. 
3.4.2 Water 
Samples of water were collected before irrigation for 
analysis in 5 litre plastic containers. Wastewater (sewage) 
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and groundwater (tubewell) were stored separately at low 
temperature (4°C) and analysis was completed within 24 hr. 
3.4.3 Plant 
In order to assess the effect of sewage wastewater 
irrigation and fertilizer application on crop varieties, 
plant samples were collected randomly at tillering, heading 
and milky grain stages corresponding to 70, 100 and 120 
days after sowing (t)AS) respectively. Three plants were 
collected from each plot for the study of various 
physiomorphological characteristics. 
3.5 Growth characteristics 
The following growth characteristics were observed at 
tillering, heading, and milky grain stages. 
1. Shoot length/plant (cm) 
2. Leaf number/plant 
3. Tiller number/plant 
4. Fresh weight /plant (g) 
5. Dry weight/plant (g) 
6. Leaf area/plant (sq cm) 
7. Net assimilation rate (g/m^/day) 
Whereas fresh weight and dry weight account for total 
productivity in terms of increase of weight, volume and dry 
matter accumulation, leaf number indicates a measure of 
differentiation and tiller number for meristematic activity. 
To assess dry weight of shoot, the three plants already 
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evaluated for their various growth parameters were dried for 
about 72 hr in an oven maintained at 80° C. 
3.5.1 Leaf area 
The area of each leaf was noted by drawing its outline 
on a graph paper which was then measured by counting the 
blocks. Three leaves were taken randomly from each plant for 
calculating average (Yahiya, 1993). 
3.5.2 Net assimilation rate (NAR) 
It was calculated according to the formula of Milthrope 
and Moorby, (1979) and is given below: 
(W2-WT) 2.303(logiQL2-logioLi) 
NAR = X 
(t2-ti) (L2-L1) 
where, W^ = dry weight of plant at I^^ sampling 
W2 = dry weight of plant at subsequent sampling 
L^ = leaf area of plant at I^ *" sampling 
L2 = leaf area of plant at subsequent sampling 
t-j^ = days of sampling at I^^ sampling 
t2 = days of sampling at subsequent sampling 
log-|^ Q = logarithm to base 10 
Leaf area and NAR reflect the photosynthetic efficiency, 
rate of differentiation and accumulation of metabolic 
products in plants. 
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3.6 Yield characteristics 
Three plants were sampled randomly from each bed at the 
time of harvest and the following yield characteristics were 
observed: 
1. Ear number/plant 
2. Ear weight/plant (g) 
3. Length/ear (cm) 
4. Spiklet number/ear 
5. Grain number/ear 
6. 1,000 grain weight (g) 
7. Grain yeild (q/ha) 
8. Straw yield (q/ha) 
After harvesting, the total produce (grain plus straw) 
of each plot was allowed to dry for a few days and its 
weight recorded. The grain in the total yield of each plot 
was threshed out manually and its weight recorded. The straw 
yield was obtained by subtracting the grain yield from the 
weight of the total produce recorded before threshing. 
3.7 Chemical analyses 
Chemical analyses of leaves (at each growing stage), 
grain (at harvest) , soil and water were carried out as 
follows: 
3.7.1 Leaf 
Leaves were analyzed according to the method of Lindner 
(1944) . Healthy looking leaves from dried plant shoots were 
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removed and powdered with mortar and pestle and passed 
through a 72 mm mesh screen. The leaf powder of each sample 
was kept overnight at 70° C before digestion. 100 mg of the 
leaf powder was carefully transferred to a 50 ml Kjeldhal 
flask and 2 ml of chemically pure sulphuric acid was added. 
Digestion was continued on a heating mantle for 2 hr to 
allow complete reduction of nitrates present in the plant 
material. When the colour turned to brownish black, the 
flasks were cooled for 15 min, followed by dropwise addition 
of 0.5 ml of chemically pure 30% hydrogen peroxide. The 
solution was heated for about half an hour till its colour 
changed from brownish black to light yellowish. It was then 
cooled and an additional amount (3-4 drops) of hydrogen 
peroxide was added, followed by gentle heating for another 
15 min to get a clear and colourless solution. It was 
transferred to a 100 ml volumetric flask, and the volume 
was made upto the mark with double distilled water, for the 
estimation of nitrogen, phosphorus and potassium contents. 
3.7.1.1 Nitrogen 
The method of Lindner (1944) was adopted for estimating 
leaf nitrogen content. A 10 ml aliquot of the peroxide 
digested material was taken in a 50 ml volumetric flask and 
to this 2 ml of 2.5 N sodium hydroxide was added to 
neutralize the excess of acid. In order to prevent 
turbidity, 1 ml of 10% sodium silicate solution was added 
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and the volume was made upto the mark with distilled water. 
5 ml of this solution was taken in a 10 ml graduated test 
tube and 0.5 ml of Nessler's reagent was added dropwise and 
mixed thoroughly after each drop. The final volume was made 
up with distilled water and the tube was allowed to stand 
for about 5 min for ^ maximum colour development. 
The solution was transferred to a colorimetric tube and 
the optical density of the solution was determined at 525 
nm on a Bausch and Lomb spectrophotometer (Spectronic 20). 
A blank consisting of distilled water and Nessler's reagent 
was run simultaneously. A calibration curve was obtained by 
using known dilutions of a standard ammonium sulphate 
solution and the reading of each sample was compared. 
Nitrogen in the leaves was determined in terms of percentage 
on dry weight basis. 
3.7.1.2 Phosphorus 
Phosphorus was estimated according to the method of 
Fiske and Subba Row (1925) . A 5 ml aliquot of the peroxide 
digested material was taken in a 10 ml graduated test tube 
and 1 ml of molybdic acid (2.5% ammonium molybdate in 10 N 
sulphuric acid) was added carefully, followed by the 
addition of 0.4 ml of 1,2,4-aminonephthasulfonic acid. The 
colour of the solution turned blue. Distilled water was used 
to make the volume upto the mark. The solution was kept for 
5 min to allow colour development and then transferred to a 
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colorimetric tube. The optical density of the solution was 
read at 620 nm, using the same type of spectrophotometer as 
employed for nitrogen estimation. A blank was run 
simultaneously with each determination. A standard 
calibration curve was prepared by using known concentration 
of monobasic potassium phosphate solution. The reading in 
each sample was compared with this curve and phosphprus 
content in the leaves was computed in terms of percentage on 
dry weight basis. 
3.7.1.3 Potassium 
It was estimated flame photometrically. A 10 ml aliquot 
of the digested material was taken in small tubes and read 
after proper dilution. A blank containing only distilled 
water was run side by side. The reading was compared with a 
calibration curve plotted for different dilutions of 
standard potassium sulphate and potassium content was 
calculated in terms of percentage on dry weight basis. 
3.7.2 Grain 
The grain of each sample was chemically analyzed for its 
carbohydrate and protein content. The dry grain samples were 
ground to fine powder and passed through a 72 mm mesh sieve. 
The powder was stored in polythene bags. It was dried 
overnight in an oven at 80° C before analysis. 
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3.7.2.1 Carbohydrate 
Soluble and insoluble carbohydrates were extracted 
according to the method of Yih and Clark (1965) and 
estimated by the method of Dubois et al.(1956). 
For extraction of soluble carbohydrates, 50 mg powder of 
each sample was transferred to a glass centrifuge tube, 5 ml 
of 80% ethyl alcohol after pipetting into the test tube, was 
heated on a water bath at 60° C for 10 min. The samples were 
cooled and centrifuged at 4,000 rpm for 10 min. The 
supernatant was poured into a 25 ml volumetric flask with 
three washings and the final volume was made up with 80% 
ethyl alcohol. The residue was left in the test tube for 
estimation of insoluble carbohydrates. 1 ml of this 
extract was transferred to a test tube and evaporated to 
dryness on a water bath. The test tubes were cooled and 2 ml 
of distilled water was added. The extract was used for the 
estimation of soluble carbohydrates. 
For the extraction of insoluble carbohydrate the residue 
was taken, to it 5 ml of 1.5 N sulphuric acid (Appendix) was 
added and heated on a water bath at 100°C for 2 hr. This 
digested sample was centrifuged, after cooling, at 4,000 
rpm. The supernatant was collected in a 25 ml volumetric 
flask with three washings. The final volume was made up 
with distilled water. 1 ml of the extract and 1 ml of 
distilled water was taken into a test tube to estimate 
insoluble carbohydrates. 
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For estimation of soluble and insoluble carbohydrates, 5 
ml of 5% distilled phenol was pipetted into each test tube, 
containing the extract of soluble and insoluble 
carbohydrates, followed by the addition of 5 ml concentrated 
sulphuric acid. The test tube was shaken well so that the 
colour turned yellowish orange. Then, the test tube was 
cooled by placing it in chilled water. After 30 min, the 
solution was transferred to a colorimetric tube and its 
optical density was measured at 490 nm, using the same type 
of spectrophotometer as employed earlier. A blank was run 
simultaneously. The carbohydrate content was calculated by 
comparing the optical density of the sample with a 
calibration curve plotted by taking known dilutions of a 
standard solution of pure glucose. 
3.7.2.2 Protein 
Protein was estimated following the method of Lowry et 
al. (1951). For the extraction of soluble and insoluble 
protein, grain powder was kept overnight in an oven at 80°C 
. Then, it was cooled and 50 mg sample was transferred to a 
mortar to which 1 ml of distilled water was added. The 
powder was ground well and transferred to a centrifuge tube 
with repeated washings and volume was made upto 5 ml with 
distilled water. The extract was then centrifuged at 4,000 
rpm for 5 min and the supernatant was collected for soluble 
protein. 
To the residue 5 ml of 5% trichloroacetic acid was 
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added. The solution was allowed to stand at room temperature 
for 30 min with thorough shakings. It was then centrifuged 
at 4,000 rpm for 10 min and the supernatant was discarded. 5 
ml of 1 N sodium hydroxide (Appendix) was added to the 
residue and mixed well by shaking. The residue was allowed 
to stand in a water bath at 80° C for 30 min. Then, it was 
cooled and centrifuged at 4,000 rpm. The supernatant, 
together with three washings with 1 N sodium hydroxide, was 
collected in a 25 ml volumetric flask. The volume was made 
upto the mark with l N sodium hydroxide and used for 
estimation of insoluble protein. 
For the estimation of soluble protein, 1 ml of water 
extract was transferred to a 10 ml test tube and 5 ml of 
reagent C (Appendix) was added. The solution was mixed well 
and allowed to stand for 10 min at room temperature. 0.5 ml 
of reagent E (Appendix) was added rapidly with immediate 
mixing. After 30 min, the blue coloured solution was 
transferred to a colorimetric tube and its optical density 
was read at 660 nm, using a Bausch and Lomb "Spectronic 20" 
spectrophotometer. A blank was run simultaneously. The 
soluble protein content was estimated by comparing the 
optical density of each sample with a calibration curve 
plotted by taking known dilutions of a standard solution of 
egg albumin. 
For the estimation of insoluble protein, 1 ml of sodium 
hydroxide extract was transferred to a 10 ml test tube and 5 
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ml of reagent D (Appendix) was added rapidly. After keeping 
it for 10 min at room temperature, 5 ml reagent E 
(Appendix) was mixed. After 30 min, the intensity of the 
blue colour was measured at 490 nm, using a Bausch and Lomb 
"Spectronic 20" spectrophotometer. 
3.7.3 Soil 
The soil sample was spread in the laboratory on a sheet 
of paper to break large lumps with a wooden pestle, and 
passed through 2 mfn sieve for determining the following 
physico-chemical properties (Table 1). 
3.7.3.1 Soil texture 
Texture refers to the relative proportion of sand, silt 
and clay. It is an important soil property because it is 
closely related to the rate of water intake, water supplying 
power and the fertility, erosion, aeration and energy 
required to till the soil. It was determined through a rapid 
procedure by rubbing the soil between the thumb and the 
index finger. For this a small quantity of the dry soil was 
moistened and mixed thoroughly in a glass dish to form a 
soft ball and then worked till stiff and squeezed out 
between thumb and index finger. 
3.7.3.2 Cation exchange capacity (CEC) 
CEC of the soil samples was determined by the method of 
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soil became acidic. It was shaken for 30 min,"then filtered 
and washed with distilled water, till it became free from 
chloride ions, which was checked with AgN03. The residue was 
transferred from the filter paper to a beaker and a 
suspension of known concentration was prepared. It was then 
treated with the same volume (10 ml) of standard KCl 
solution, shaken for 30 min and left overnight. It was 
titrated with 0.1 N NaOH (Appendix), using phenolphthalien 
as indicator. From the amount of sodium hydroxide required, 
the cation exchange capacity of the soil samples was 
calculated as follows: 
voluroe of 0.1 N NaOH x N of NaOH 
CEC = 
weight of the soil sample 
3.7.3.3 Soil pH 
It is an important chemical property of the soil because 
the essential nutrients availability to the plants is 
highly dependent upon the pH of the soil. It was measured 
with the help of pH meter. To 10 g of the soil, 25 ml of 
distilled water was added and shaken thoroughly. After a 3 0 
min lapse, the pH of the suspension was observed. The pH 
meter was calibrated with a standard buffer of known pH 
(Jackson, 1973). 
3.7.3.4 Organic carbon 
It was estimated according to the method given by 
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Walkley and Black (1934). 2 g of soil was taken in a 500 ml 
conical flask. To this, 10 ml of 1 N potassium dichromate 
solution (Appendix) and 2 0 ml of concentrated sulphuric acid 
were added. After shaking for about 2 min, it was kept on an 
asbestos mat for 30 min. 200 ml of distilled water, 10 ml 
of phosphoric acid (Appendix) and 1 ml of diphenylamine 
indicator (Appendix) were added. A deep violet colour 
appeared which was titrated with 0.5 N ferrous ammonium 
sulphate solution (Appendix) till the colour changed to 
purple and finally green. Simultaneously, a blank was run 
without soil. 
3.7.3.5 Electrical conductivity 
It is a numerical expression of the ability of sample to 
carry electric current which depends on the total 
concentration of the ionised substances dissloved and the 
temperature at which the measurement is made. 10 g of soil 
was shaken intermittently with 40 ml of distilled water in 
150 ml conical flask for l hr and allowed to stand. The 
conductivity of the supernatant liquid was determined with 
the help of conductivity meter. The apparatus was adjusted 
to a known temperature (25°C) of the solution (Jackson, 
1973) . 
3.7.3.6 Nitrate nitrogen 
It was estimated according to the method of Ghosh et al. 
(1983) . 20 g of soil was shaken continuously with 50 ml of 
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distilled water for 1 hr in a 100 ml conical flask fitted 
with rubber stopper. A pinch of CaSO^ was added and shaken. 
Then the contents were filtered through a filter paper 
(Whatman No.l), 20 ml of the clear filtrate was transferred 
to a 50 ml porcelain dish and was evaporated to dryness 
on a steam bath. Then it was cooled and 3 ml of phenol 
disulphonic acid (Appendix) was added and allowed to react 
for 10 min. 15 ml of distilled water was added and 
stirred with a glass rod until the residue was dissolved. 
After cooling, the contents were washed down into a 100 ml 
volumetric flask, to this 1:1 ammonia (Appendix) was added 
slowly and mixed well, till the solution became alkaline 
which was indicated by the yellow colour due to the 
presence of nitrate. Then, another 2 ml of ammonia was added 
and finally the volume was made upto 100 ml with distilled 
water. The intensity of yellow colour was read with 
"Spectronic 20" spectrophotometer. 
For preparing the standard curve, a stock solution 
containing 100 ppm nitrate was prepared by dissolving 0.7215 
g of potassium nitrate in water and the volume was made 
upto 1 L. This was distilled ten times to give a 10 ppm 
N03"-N solution. Aliquots (2, 5, 10, 15, 20 and 25 ml) were 
evaporated on water bath to dryness in small porcelain 
dishes. After cooling, 3 ml of phenol sulphonic acid was 
added and yellow colour was read as described above. 
Simultaneously, a blank was also run. 
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3.7.3.7 Phosphorus 
To 2.5 g of soil in a 100 ml conical flask a pinch of 
Draco G 60 was added followed by 50 ml of Olsen's reagent 
(Appendix) . A blank was run without soil. The flask was 
shaken for 3 0 min on a shaker and then the contents were 
filtered through a Whatman No. 1 filter paper. In the 
filtrate, phosphorus was estimated spectrophotometrically 
by Dickman and Bray's (1940) method. 
5 ml of soil extract was pipetted into a 25 ml 
volumetric flask and 5 ml of Dickman and Bray's reagent 
(Appendix) was poured drop by drop with constant shaking 
till the effervesence due to CO2 evolution ceased. The 
inner wall of the neck of the flask was washed with 
distilled water and the contents diluted to about 22 ml. 
Then 1 ml of stannous chloride solution (Appendix) was 
added and the volume was made upto the mark. The 
intensity of blue colour was read at 660 nm on "Spectronic 
20" spectrophotometer. 0.439 g of potassium dihydrogen 
orthophosphate (KH2PO4) was dissolved in about half a litre 
of distilled water. To this, 25 ml of 7 N H2SO4 (Appendix) 
was added and volume was made upto l L with distilled 
water, giving 100 ppm stock solution of P (100 ug P per 
ml) . From this, 2 ppm P solution was made after 50 times 
dilution. For the preparation of the standard curve, 
different concentrations ofP (1, 2, 3, 4, 5 and 10 ml of 2 
ppm P solution) were taken in 25 ml volumetric flasks. To 
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these, 5 ml of extracting reagent (Olsen's reagent) was 
added. The colour was developed by adding Dickman and 
Bray's reagent and stannous chloride and read at 660 nm. 
The curve was plotted by putting the colorimeter reading on 
the vertical axis and the amount of P (in ug) on the 
horizontal one. 
3.7.3.8 Potassium 
5 g of soil was shaken with 25 ml neutral normal 
ammonium acetate (Appendix) for 5 min and was filtered 
immediately through a dry Whatman No.l filter paper. 
Potassium concentration in the extract was 
determined flame photometrically. Stock solution of 1,000 
ppm K was prepared by dissolving 1.908 g KCl in 1 L of 
distilled water. From the stock solution, aliqouts were 
diluted in 50 ml volumetric flask with ammonium acetate 
solution to give 10 to 40 ppm of K. These were read with the 
help of a flame photometer after settig zero for the 
blank and at 100 for 40 ppm of K. The curve was obtained by 
plotting the readings against the different concentrations 
(10, 15, 20, 25, 30, 35, 40 ppm) of K. 
3.7.3.9 Sodium 
The ratio of sodium to total cations is 
important in agriculture. Soil permeability is harmed by a 
high sodium ratio. The determination of sodium was 
carried out directly from the soil extract (1:5) with the 
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help of flame photometer, using appropriate filter and 
standard curve was prepared by taking known concentrations 
of sodium. 
5.845 g of NaCl was dissolved in distilled water and 
the volume was made upto 1 L which gave 100 milli-
equivalents per L of Na. From this stock solution, 
dilutions containing 5, 10, 20, 30, 40, 50 meq Na/L were 
prepared. The curve was drawn by plotting the flame 
photometer readings on the vertical axis against 
concentration of Na on the horizontal axis. Na in the 
unknown sample was read from the curve. 
3.7.3.10 Preparation of extract for Ca and Mg 
100 g soil was transferred to a 750 ml flask. To this 
500 ml distilled water was added and the flask was shaken 
for about l hour. The contents were then filtered through 
Buchner funnel. 
Calcium 
Calcium was estimated according to the method of 
Chopra and Kanwar (1982). To 25 ml extract, 2-3 crystals of 
carbamate and 5 ml of 16% NaOH solution were added. Then, 
it was titrated with 0.01 N EDTA (Appendix), using 
murexide indicator powder (Appendix) till colour changed 
from orange red to purple. 
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Magnesium 
To 25 ml extract, 1 ml of NaCN (2 %) was added. Then, 
5 ml ammonium chloride-ammonium hydroxide buffer was 
added, followed by titration with O.Ol N EDTA 
(Appendix),' using EBT as indicator, the colour changing 
from green to wine red (Chopra and Kanwar, 1982) 
3.7.4 Physico-chemical analysis of water 
Samples of irrigation water were analyzed in 
accordance with irrigation water quality criteria. As 
irrigation results in water logging, salinity and 
alkalinity, it is very important to know the quality of 
irrigation water. The following parameters were, therefore, 
studied (Table 2): 
3.7.4.1 Electrical conductivity 
Samples were directly read using a conductivity 
meter by putting the samples in the beaker. The apparatus 
was adjusted to a known temperature (25° C) of the 
solution. 
3.7.4.2 Measurement of pH 
It was determined with the help of pH meter. The pH 
meter was checked before use with standard buffer of a 
known pH. 
3.7.4.3 Biological oxygen demand 
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strength of sewage and industrial waste in terms of the 
oxygen that microorganisms would require for complete 
stabilization. 
Different volumes of the effluent samples were placed 
in BOD bottles (300 ml) to get several dilutions of the 
samples to obtain the required depletions ranging between 
0.1 and 1.0%. These bottles were filled with distilled 
water, stoppered and incubated for five days in an 
incubator maintained at 20° C. The dissolved oxygen of 
these samples was determined by first adding 2 ml of 
manganous sulphate solution (Appendix) , followed by 2 ml 
alkali azide iodide (Appendix) by means of a graduated 
pipette by dipping its end well below the surface of the 
liquid. The bottles were stoppered and mixed well by 
inverting them. The bottles were allowed to stand till the 
precipitate settled half way, leaving a clear supernatant 
above the manganese hydroxide floes. The stopper was 
removed and 2 ml of H2SO4 was immediately added. Each bottle 
was restoppered and the contents were mixed by gentle 
inversion until dissolution was complete. 203 ml of the 
sample was taken in a 500 ml conical flask, 2 ml 
starch indicator was added and titrated against 0.02 5 N 
sodium thiosulphate solution till the disapperance of the 
blue colour. The reading of sodium thiosulphate used up 
was indicative of the dissolved oxygen of the sample in 
mg/L. BOD was calculated using the following relationship; 
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Di-D2 
tng/L BOD = 
P 
where D^  and D^ are the dissolved oxygen of the 
diluted samples 15 min after the preparation of the sample 
and after 5 days of incubation respectively and P is the 
decimal fraction of the sample used. 
3.7.4.4 Chemical oxygen demand 
It is a measure of oxygen equivalent of that portion 
of the organic matter in a sample which is susceptible to 
oxidation by a strong chemical oxidant. 
0.4 g of mercuric sulphate was placed in a refluxing 
flask and 20 ml of the sample was added. Both were mixed 
well and 10 ml of 0.25 N potassium dichromate solution 
(Appendix) was added followed by 30 ml of sulphuric acid 
and a small amount of silver sulphate. A blank was run 
using distilled water instead of the sample. These were 
subjected to reflux for 2 hr, cooled and then diluted to 
about 100 ml with distilled water. The contents were then 
titrated against standard ferrous ammonium sulphate solution 
(Appendix), using ferroin as indicator (Appendix). The COD 
was calculated by the following relationship. 
(A-B) X C X 8,000 
mg/L COD = 
ml sample 
where 
A = ml of ferrcfus ammonium sulphate used for blank 
titration 
69 
B = ml of ferrous ammoniuum sulphate used for sample 
titration. 
C = normality of ferrous ammonium sulpahte solution. 
3.7.4.5 Calciiim 
In a conical flask, 50 ml of water sample was 
taken and neutralized with acid. It was boiled for 1 min 
and then cooled. Then, 2 ml of 1 N sodium hydroxide 
solution (Appendix) were added to maintain the pH at 12-13. 
After the addition of 1-2 drops of ammonium purpurate 
indicator (Appendix), it was titrated slowly with 0.01 M 
EDTA (Appendix) and calculated as follows; 
•V 
A X B x 400.8 
mgCa/L = 
ml of sample 
where A = ml titration for sample 
B = mg CaC03 equivalent to 1.0 ml EDTA titrant at 
the calcium indicator end point. 
3.7.4.6 Magnesium 
It was estimated from the EDTA and hardness titration 
(taken from total hardness estimation) 
mg/L mg = Total hardness (as mg CaC03/L) - Calcium 
hardness x 0.244 (as mg CaC03/L) 
3.7.4.7 Potassium 
Potassium determination was carried out with flame 
photometer, using appropriate filter and a standard curve 
by taking known concentration of potassium. A stock 
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solution of 1,000 ppm K was prepared by dissolving 1.908 KCl 
in 1 L of distilled water. Dilute solutions containing 2, 5, 
10, 15 and 25 ppm were prepared from the stock solution. The 
standard curve was prepared by plotting the flame 
photometer (Systronics) readings against concentrations of K, 
3.7.4.8 Sodiiim 
It was carried out directly with the help of flame 
photometer using appropriate filter and standard curve 
by taking known concentrations of a sodium salt. For 
standard curve, 5.845 g of NaCl was dissolved in water and 
the volume, maintained at l L. This gave 100 milli-
equivalents per L of Na. From this stock solution dilutions 
containing 5, 10, 20, 30, 40 and 50 meq Na/L were prepared. 
A curve was drawn by plotting the flame photometer 
readings on y-axis against concentrations of sodium on x-
axis. The concentration of sodium in the unknown sample was 
read from the curve. 
3.7.4.9 Carbonates and bicarbonates 
Estimation of carbonates and bicarbonates was done 
following the method of Richards (1954). 
50 ml water sample was taken in a clean flask. To 
this, 5 drops of phenolphthalein indicator (Appendix) were 
added. The appearance of pink colour indicated the presence 
of carbonates. Then it was titrated against O.l N sulphuric 
acid (Appendix) till the solution became colourless. To the 
71 
colourless solution from the above titration, 2 drops of 
methyl red indicator (Appendix) were added. It was again 
titrated against 0.01 N sulphuric acid till the colour 
changed from yellow to rose red. This indicated the 
bicarbonate presence. 
Calculations: 
a) carbonates (meq/L) 
= 2Y X normality of H2SO4 x 
1000 
ml aliquot 
= 2Y x 2 
b) bicarbonates (meq/L) 
= (Z-2Y) x normality of H2SO4 x 
= (Z-2Y) X 2 
1000 
ml aliquot 
where Y = reading of burette for the titration of 
carbonates 
Z = reading of burette for the titration of 
bicarbonates 
3.7.4.10 Chloride 
50 ml of water sample was taken in a flask and 
0.5 ml potassium chromate indicator (Appendix) was added. 
It was titrated against 0.0141 N silver nitrate solution 
(Appendix). Chloride concentration in the sample was 
calculated as follows: 
(A-B) X 0.0141 X 35,450 
mg/L CI = 
ml sample 
where , A = ml titrations for sample 
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B = ml t i t r a t i o n for blank 
3.7.4.11 Sulphate 
50 ml of sample was taken in a flask and 2.5 ml 
conditioning reagent (Appendix) and a small amount of 
barium chloride were added. After shaking for 1 min, it was 
read with the help of a nephlometer. 
Standard sulphate solution was made by dissolving 
147.9 g sodium bisulphate (NaHSO^) in sufficient 
distilled water and making upto 100 ml. From this 10, 20, 
30, and 40 ppm dilutions were prepared. Turbidity was 
developed by adding sufficient barium chloride. A standard 
curve was prepared by plotting the readings for each 
dilution, using a nephlometer. 
3.7.4.12 Phosphate 
To a 100 ml sample containing not more than 0.2 mg 
phosphorus and free from colour and turbidity, 0.05 
ml phenolphthalein indicator was added. If the sample 
turned pink, strong acid solution was added dropwise to 
discharge the colour. If more than 0.25 ml was required, 
smaller sample was taken and diluted to 1,000 ml with 
distilled water. After discharging the pink colour with 
acid, 4 ml of molybdate reagent was added. After 10 min, 
the colour was measured spectrophotometrically at 690 nm 
and comparison with the calibaration curve was made, using 
a distilled water blank. 
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mg P X 1,000 
mg/L P = ' 
ml sample 
3.7.4.13 Nitrate and ammonium nitrate 
First nitrate standard was prepared in the range 0.1 
to 1 mg/L N by diluting 1, 2, 4, 7 and 10 ml standard 
nitrate solution to 10 ml with distilled water. Samples 
containing residual chlorine were removed by adding 1 drop 
(0.05 ml) sodium arsenite solution for each 0.10 mg CI and 
mixed. One drop was added in excess to 50 ml portion. 
For colour development, a number of reaction tubes were 
set in a wire rack, and so spaced that each tube was 
surrounded by empty space. To each tube 10 ml sample was 
added. The rack was placed in a cool water bath and 2 ml 
NaCl solution was added and was mixed well. Then 10 ml 
H2SO4 was mixed and cooled. 0.5 ml brucine sulfanilic 
acid reagent was added and the tubes swirled to mix, and 
then placed in a water bath at not less than 95°C. After 
20 min, it was taken out and cooled in a cold water bath. 
Reading was taken ag&inst a reagent blank at 410 nm with a 
"Spectronic 20" spectrophotometer. 
Standard curve was prepared from the absorbance values 
of the standards run together with the samples and 
corrected by subtracting their "sample blank", values from 
their final absorbance values. The concentrations of 
NO3-N were read directly from the standard curve. 
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For the estimation of ammonia nitrogen, first a 
preliminary distillation was performed. 500 ml of ammonia-
free water was added to 2 0 ml borate buffer and the pH was 
adjusted to 9.5 with 6 N NaOH solution. A few glass beads 
were added to this and the mixture was used to steam 
out the distillation apparatus until the distillate showed 
no traces of ammonia. For ammonia nitrogen content of 
less than 100 ug/L, a sample volume of 4,000 ml was 
used. Residual chlorine was removed in the sample by-
adding a dechlorinating agent, 25 ml borate buffer was 
added and the pH was adjusted to 9.5 with 6 N NaOH, using 
a pH meter. Distillation of sample was done. The steaming 
out flask was disconnected and immediately the sample 
was transferred to the distillation apparatus. It was 
distilled at a rate of 6 to 10 ml/min with the tip of 
delivering tube submerged. The distillate was collected in 
a 500 ml Erlenmeyer flask, containing 50 ml boric acid 
solution. At least 300 ml of distillate was collected. It 
was diluted to 500 ml with ammonia free water. 100 ml of 
the sample was taken in a 500 ml Kjeldhal flask with 
ammonia-free distilled water and diluted to 250 ml. Again 
it was distilled as before with a few pieces of paraffin 
wax added to the distillation flask and 100 ml of 
distillate was collected. 
Ammonia in the distillate was titrated against standard 
0.02 H2S0^ titrant until the indicator turned a pale 
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lavender. A blank was run through all the steps of the 
procedure. 
(A-B) X 280 
mg/L ammonnia N = 
ml of sample 
where A = ml H2SO4 titration for sample 
B = ml H2SO4 titration for blank 
3.7.4.14 Fluoride 
For the estimation of fluoride, first a preliminary 
distillation was done. For this, 400 ml distilled water 
was placed in the distilling flask and 200 ml 
concentrated H2SO4 was added carefully. The contents 
were swirled until homogeneity. 25 to 35 glass beads were 
placed at the bottom and the apparatus was connected making 
sure that all joints were tight. Heating was allowed as 
long as the efficiency of the condenser permitted the 
distillate to cool down, keeping the temperature of the 
contents of flask at 80° C. The distillate was 
discarded. This process removed fluoride 
contamination and helped to adjust the acid water ratio 
for subsequent distillations. After cooling the acid 
mixture, 300 ml of the sample was taken and mixed thoroughly 
with Ag2S04 and added to the distilling flask at the rate 
of 5 mg/mg CI, when high chloride samples were distilled. 
Sulphuric acid solution in the flask was used repeatedly 
until the contaminants from the samples accumulated to 
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such an extent that the recovery was effected or 
interferences appeared in the distillate. Suitablity of the 
acid was checked periodically by distilling standard 
fluoride samples. After the distillation of high 
fluoride samples, the still was flushed with 300 ml of 
distilled water and the two fluoride distillates were 
combined. Next, standard curve was prepared. For it, 
fluoride standards were prepared in the range of 0 to 
1.40 mg/L by diluting appropriate quantities of the 
standard fluoride solution to 50 ml with distilled water. 
5 ml each of SPANDS solution and zirconyl acid reagent 
were pipetted to each standard and mixed well. The 
spectrophotometer was set at zero absorbance with the 
reference solution and the absorbance readings of the 
standard were taken immediately. A curve for the 
fluoride absorbance relationship was plotted. 
Taking a 50 ml sample, its temperature was adjusted to 
that for standard curve. 5 ml of SPANDS solution and 5 ml 
zirconyl acid reagent were added. It was mixed well and its 
absorbance was read immediately; 
A B 
mg/L F = X 
ml sample C 
where A = ug F determined photometrically. 
The ratio B/C applied only to sample diluted to a volume B, 
and a portion C taken from it for colour development. 
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3.7.5 Heavy metals 
To check the presence of heavy metals in water and their 
accumulation in soil it was decided to estimate the 
following heavy metals: cadmium, copper, chromium, iron, 
lead, manganese, nickel and zinc. 
3.7.5.1 Water samples 
20 ml water was taken in a conical flask. To this, 10 
ml of nitric acid was added. It was placed on a hot 
plate for digestion. After complete digestion, total 
volume was made upto 100 ml. It was stored in polythene 
bottles after filtering through Whatman filter paper No 
42 and analysed for heavy metals with the help of GBC 902 
atomic absorption spectrophotometer. 
3 . 7 . 5 . 2 S o i l sanqples 
1 g of soil sample was taken in a conical flask. To 
this, 10 ml of nitric acid was added. It was placed on a 
hot water plate for digestion. After 12 hr of digestion, 5 
ml of perchloric acid was added for complete digestion. 
After cooling it was filtered and the volume was 
made upto 100 ml with double distilled water. After 
filtering through Whatman filter paper No.42, it was stored 
in polythene bottles and analysed for heavy metals with the 
help of GBC-019 atomic absorption spectrophotometer 
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3.8 Statistical analysis 
All the data were analyzed statistically according to 
Panse and Sukhatme (1985) . The most rigorous "F" test were 
followed in which the error due to replicates was also 
determined. When "F" value was found to be significant 
at 5 percent level of probability, critical difference 
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CHAPTER-4 
EXPERIMENTAL RESULTS 
4.1 Experiment 1 
In this split plot field experiment, comparative effect 
of irrigation with wastewater and groundwater, on various 
morphophysiological characteristics of five triticales 
namely Delfin, Juppa'S', Mula'S', Tigre^S', TL-419 and a 
local wheat check (HD-2204) was studied so as to select a 
couple of varieties for further in-depth trials. Both, the 
main plot and sub-pl'ot treatments were found to be mostly 
significant while the interaction effect of the two main 
plots and sub-plots was non-significant (Tables 3-18) . The 
data are considered breifly in the following pages. 
4.1.1 Growth parameters 
The growth parameters noted at tillering, heading and 
milky grain stages (70, 100, 120 DAS respeectively) were 
tiller number, leaf number, leaf area, height, fresh weight 
and dry weight per plant (Tables 3-8). 
4.1.1.1 Tiller niimber per plant 
Wastewater irrigation slightly improved tiller number at 
all the growth stages (Table 3) . The increase due to 
wastewater irrigation over groundwater irrigation was 
11.83%, 10.42% and 12.45% at 70, 100 and 120 days 
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only upto 100 DAS. Delfin gave highest tiller number at 
tillering stage, while TL-419 was at par with Delfin in 
tiller production at heading as well as at milky grain 
stages. Juppa'S' and Mula'S' gave the lowest number of . 
tillers throughtout the growth period and the performance of 
these varieties was at par with each other at all the three 
stages. HD-2204 and TL-419 were at par at tillering stage, 
while HD-2204 and Tigre'S' were at par at the second and 
third stage of growth. TL-419 showed significant increase of 
15.12% and 15.17% over HD-2204 at the second and the third 
stage respectively. Juppa'S' showed decrease of 26.24%, 
24.00% and 23.52% compared with the wheat check at the 
first, second and third stages respectively. 
4.1.1.2 Lea£ number per plant 
Wastewater irrigation showed an increase in leaf number 
of 19.54%, 16.21% and 14.14% over groundwater irrigation at 
70, 100 and 120 DAS respectively (Table 4) . It may be 
pointed out that leaf number increased only upto 100 DAS and 
declined at 120 DAS. Delfin gave the highest number of 
leaves at tillering and heading while it was at par with HD-
2204 at milky grain stage. Juppa'S' and Mula'S' gave the 
poorest performance throughout the growth of the plants. 
Leaf number in Tigre'S' differed from that in the other 
varieties at all the stages. Leaf production in wheat and 
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the tillering and the heading stage, while the former caught 
up with Delfin at the last stage, with TL-419 following 
them. All the varieties tested, recorded decline in leaf 
production after heading. 
4.1.1.3 Plant height 
Plant height was not affected significantly by main 
plot treatments at the early stage (Table 5). However, minor 
increase of 6.78% and 6.86% was noted in wastewater 
irrigation over groundwater irrigation at heading and milky 
grain stages respectively. Consistent increase in plant 
height was noted from heading to milky grain stage in both 
types of irrigation water. In the case of varietal 
performance, Delfin was noted to be comparatively taller 
than all other varieties, followed by TL-419 at each stage. 
The remaining triticales and wheat were at par at the 
tillering stage. At the later two stages, Juppa'S' and 
Tigre'S' had plants whose average height was at par with 
that of wheat as well as Mula^S'. It is to be noted that all 
the varieties of triticale and the wheat check showed an 
increase in height upto the last stage of sampling. 
4.1.1.4 Leaf area per plant 
It is clear from Table 6 that wastewater enabled the 
crop to produce more leaf area per plant than tubewell 
water, the increase at tillering, heading and milky grain 
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leaf area increased only upto 100 DAS in both types of 
irrigation. Maximum leaf area was noted in Delfin, followed 
by TL-419 and minimum in Juppa'S' and Mula'S' at all stages 
of growth. Tigre'S', HD-2204 and TL-419 differed from each 
other at tillering stages. At heading and milky grain 
stages, TL-419 and HD-2204 remained at par with each other. 
There was increase of 11.4% in TL-419 over HD-2204 at 
tillering, while Juppa'S' depicted a decrease of 2 2.51%, 
32.93% amd 31.31% compared with HD-2204 at tillering, 
heading and milky grain stages respectively, Tigre'S' 
occupied an intermediate position throughout the growth 
period. Leaf area increased in all varieties markedly only 
upto 100 DAS and then declined. 
4.1.1.5 Fresh weight per plant 
Significantly higher fresh weight per plant was observed 
in the case of wastewater irrigation (Table 7). The increase 
over groundwater irrigation was recorded to be 10.94%, 
36.04% and 36.44% at the respective stages of sampling. A 
consistent increase in fresh weight was recorded till the 
120 DAS stage in both main plots. Delfin proved to be the 
best at all the stages, whereas TL-419 became at par with 
it at 100 DAS and remained so till 120 DAS. Juppa'S' and 
Mula'S' gave equal (lowest) values at 70, 100 and 120 DAS 
and Tigre'S' and HD-22 04 wheat were medium in their fresh 
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12.04% over HD-2204 at 70, 100 and 120 DAS respectively. It 
may be noted that fresh weight increase was very steep from 
tillering to heading stage while it was comparatively less 
after heading. 
4.1.1.6 Dry weight per plant 
The plants grown with wastewater irrigation accumulated 
more dry matter than those grown with groundwater irrigation 
(Table 8). The increase was noted as 13.34%, 39.13% and 
41.74% over groundwater at successive stages. Like fresh 
weight, dry weight increase was more from tillering to 
heading stage than from heading to milky grain stage. Delfin 
showed more dry weight than the other varieties at tillering 
while it was at par with TL-419 at the later two stages. 
Mula'S' and Juppa'S' produced the lowest dry matter at 
every stage. At the tillering stage, Tigre'S', HD-2204 and 
TL-419 were at par with each other, while at both heading 
and milky grain stage, Tigre'S' trailed HD-2204. TL-419 
showed an increase of 21.04% and 27.71% over HD-2204 at 
heading and milky grain stages respectively. Like fresh 
weight, increase in dry weight was more during the first 
two samplings while it was comparatively less between the 
later two samplings. 
4.1.2 Leaf N, P auid K contents 
Data regarding leaf N, P and K contents (Table 9-11) , 
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DAS with respect to main plot treatment (irrigation) and N 
content at 70 days among the varieties (sub-plots). 
4.1.2.1 Nitrogen 
Wastewater irrigation improved the leaf nitrogen 
percentage, showing an increase of 13.72%, 9.71% and 9.43% 
over groundwater irrigation at tillering, heading and milky-
grain stages respectively (Table 9) . However, the nitrogen 
content decreased with increase in plant growth. Delfin and 
HD-2204 (wheat), being at par, showed the highest nitrogen 
content at 100 days stage. On the other hand Tigre'S', 
Juppa'S', Mula'S' and TL-419 were also at par. Delfin was 
found to possess highest nitrogen content in its leaves at 
120 days also, while Juppa'S', Mula'S' and Tigre'S' showed 
the lowest nitrogen content. TL-419 and HD-2204 (wheat) 
being at par at this stage, closely followed Delfin. Leaf 
nitrogen content decreased in all the varieties as the 
plants matured. 
4.1.2.2 Phosphorus 
It is evident from Table 10 that wastewater application 
increased the leaf phosphorus content significantly at all 
stages, giving 8.14%, 9.52% and 10.08% increase over 
groundwater at the three stages respectively. Delfin proved 
the best variety at all stages but was at par with TL-419 
at 100 and 120 DAS. The remaining varieties of triticale and 
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leaves at 70, 100 as well as 120 DAS, except Juppa'S' which 
was at par with TL-419 at tillering. At the three stages TL-
419 gave an increase of 5.55%, 13.33% and 12.93% over HD-
2204. Phosphorus content decreased with the increase in age 
in all the varieties. 
4.1.2.3 Potassiiim 
The leaves of plants grown with wastewater irrigation 
showed increase in their mean values of 8.47% and 7.65% 
over groundwater at 100 and 120 DAS, while the effect was 
non-significant at 70 days (Table 11) . Leaf potassium 
content decreased like that of nitrogen and phosphorus in 
both main plots with advance in growth. Del fin had the 
highest leaf potassium content at all stages. However, it 
was at par with Tigre'S' and HD-2204 (wheat) at tillering 
and with the latter at the milky grain stage. Potassium 
content decreased with the advance in growth in all the 
varieties. 
4.1.3 Net assimilation rate (NAR) 
All the values for this parameter showed significance 
(Table 12) . The data for net assimilation rate, recorded 
only at heading to milky grain stage, revealed that 
wastewater irrigation enhanced NAR at both stages, and 
showed a respective increase of 23.89% and 37.00% over 
groundwater. Unlike other parameters, TL-419 gave the best 
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Tigress' at 120 DAS, while Juppa'S' and Mula'S' proved to 
be the poorest harvesters of solar energy among all the 
varieties at both stages. The increase in the case of TL-
419 was 25.53% and 58.12% over HD-2204 at 100 DAS and 120 
days respectively. 
4.1.4 Yield parameters 
The two irrigation waters as well as different varieties 
gave significant data when yield parameters were studied at 
harvest (Tables 13-16). These are described here briefly. 
4.1.4.1 Ear number per plant 
Wastewater irrigation gave better results, giving an 
increase of 15.23% over groundwater irrigation (Table 13). 
Delfin proved to be the best variety followed by TL-419. 
Both produced more ears per plant than the check (HD-2 2 04). 
The poorest varieties were Mula'S', Juppa'S' and Tigre'S' 
that were at par with each other. TL-419 recorded an 
increase of 12.14% and Juppa'S' a decrease of 19.58% 
compared with HD-2204 wheat. 
4.1.4.2 Length per ear 
Ear length was significantly affected by the 
application of wastewater (Table 13). The increase was 5.73% 
over groundwater irrigation. Vareity Delfin produced the 
longest ears, closely followed by TL-419, indicating the 
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rest of the triticale varieties were statistically equal to 
each other as well as to HD-2204 wheat in terms of ear 
length. Ears of TL-419 were 11.11% and those of Delfin, 
16.07% longer than the ears of the wheat check. 
4.1.4.3 Ear weight per plant 
Heavier ears were produced in plants grown with 
wastewater in comparison with those irrigated with 
groundwater. An increase of 28.84% was recorded in the 
average ear weight of the former (Table 14) . Delfin proved 
the best cultivar followed by TL-419, while Mula'S' and 
Juppa'S' gave the poorest results. Tigre'S' was slightly 
inferior to wheat HD-2204 in this respect. TL-419 gave an 
increase of 28.86% over the wheat check. 
4.1.4.4 Spikelet number per ear 
More spikelets per ear were recorded in plants irrigated 
with wastewater (Table 14) . The increase over groundwater 
irrigated plants was 14.06%. Delfin gave the maximum number 
of spikelets per ear,- followed by TL-419, while Mula*S' and 
Juppa'S' , that were at par possessed the lowest number of 
spikelets. HD-2204 was at par with TL-419 on the one hand 
and Tigre'S' on the other. 
4.1.4.5 Grain num,ber per ear 
Application of wastewater increased average number of 
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15). Delfin gave the best performance, shared by TL-419, 
while the latter variety was also at par with the wheat 
check. Mula'S' and Juppa'S' were at par with each other and 
produced the lowest putnber of grains per ear. Tigre'S' was 
critically different from other varieties and only slightly 
inferior to the HD-2204 wheat check. Delfin gave 6.17% 
increase over HD-2204. 
4.1.4.6 1,000 grain weight 
With wastewater irrigation, the weight of 1,000 grains 
increased by 4.55% over groundwater application. Delfin and 
TL-419 were at par with HD-2204, indicating bolder grains, 
and were followed by Tigre*S'. The remaining two varieties 
were at par and produced the lightest grains (Table 15). 
4.1.4.7 Grain yield 
While studying the data for this most important 
parameter (Table 16) it became evident that wastewater 
irrigation was again superior and gave 31.55% higher grain 
yield than groundwater application. Delfin proved the best 
yielder while Juppa'S' toghther with Mula'S' gave the 
poorest yield with Tigre'S' performing slightly better. TL-
419 closely followed Delfin in grain yield, both proving 
superior to HD-2204 wheat, which was grown as check. TL-419 
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4.1.4.8 Straw yield 
Wastewater application increased the straw also 
cosiderably (Table 16) . The increase was 60.83% over 
groundwater application. TL-419 equalled Delfin and these 
two gave the best performance surpassing that of the wheat 
check. Tigre*S' produced more straw than Mula'S' and 
Juppa'S', thus occupying an intermediate position among the 
triticale varieties tested. TL-419 recorded an increase of 
26.56% over wheat. 
4.1.5 Grain quality 
It was determined on the basis of grain protein content 
and yield on the one hand, and grain carbohydrate content 
and yield on the other. For protein and carbohydrate, both 
soluble and insoluble fractions were estimated. Total 
protein and carbohydrate together with yield per hectare, 
were calculated. The significant data are described below 
(Table 17 and 18). 
4.1.5.1 Protein 
For protein content, only sub-plot treatments gave 
significant data, while for protein yield, both irrigation 
and varieties provided significant data. Wastewater 
irrigation significantly increased protein yield by 26.89% 
over groundwater. In the case of soluble protein content, 
wheat HD-2204 prove^ i best, followed by Delfin and TL-419, 
while Juppa^S', Mula'S' and Tigre'S' were at par and gave 
90 






the lowest values. For insoluble protein content, HD-2204 
and Delfin gave similar results, while the rest of the 
varieties performed similarly. Like insoluble protein 
content, total protein content was also at par in Delfin and 
HD-2204. TL-419 and Mula'S' were at par , the latter was 
also at par with Juppa'S' and Tigre^S'. The protein yield of 
most of the varieties differed critically from each other. 
Delfin was found to have the best value, followed by TL-419, 
HD-2204 and Tigre'S'. While Juppa'S' gave the least value 
and was at par with Mula'S' . TL-419 showed an increase of 
16.83% and Delfin, of 39.19% over HD-2204 (Table 17). 
4.1.5.2 Carbohydrate 
For carbohydrate content (Table 18), only sub-plot 
treatment gave significant data and for carbohydrate yield, 
both varieties and irrigation water gave significant 
response. For carbohydrate yield, wastewater irrigation 
exhibited an increase of 32.59% over groundwater 
irrigation. While Juppa'S' recorded a decrease of 0.02%, 
9.03% and 9.03% in soluble, insoluble and total 
carbohydrate content compared with HD-2204. For insoluble, 
soluble and total carbohydrate, highest values were noted in 
Delfin and least values in Juppa'S' which were at par with 
that for Mula'S'. TL-419, HD-2204 and Tigre^S' followed 
Delfin and the values were different from one another. An 
increase of 36.79% and a decrease of 47.52% compared with 
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4.2 Experiment 2 
In this split plot field experiment, the comparative 
effect of wastewater and groundwater (main plot) and of 
six doses of basal nitrogen which constituted the sub-plots 
(NgQ, NgQ, N]^ 20' ^150' ^ 180 ^^^ ^210^ °^ ^^^ performance of 
the Indian variety of triticale, i.e. TL-419, was tested. 
Growth parameters, leaf N, P and K contents, NAR, yield and 
quality parameters fqrmed the basis of this trial. Most data 
for main and sub-plots were significant. However, 
irrigation waters interacted with nitrogen doses non-
significantly. The significant data, summarised in Tables 19 
to 34, are described below. 
4.2.1 Growth parameters 
The six growth parameters studied in Experiment 1 at 
70, 100 and 120 DAS were retained in the second trial also. 
The salient data are briefly described in the following 
pages. 
4.2.1.1 Tiller niimber per plant 
Irrigation with wastewater resulted in the production 
of more tillers compared with that with groundwater, 
showing an increase of 12.07%, 11.43% and 9.93% at 
tillering, heading and milky grain stages respectively. 
Increase in the tiller number was noted only upto 100 DAS. 
92 
Tiller production was optimum at each of the three stages in 
the dose N-j^ 20' higher doses being at par with it in their 
effect. The increase in N-]^20 O"^ ®^  ^ 60' that gave the lowest 
values, was 66.81%, 61.76% and 58.49% at the three 
successive stages (Table 19). 
4.2.1.2 Leaf niunber per plant 
Like tiller production, leaf number was also 
significantly increased as a result of irrigation with 
wastewater (Table 20). It was 9.80%, 9.57% and 11.95% more 
than the average number of leaves produced under 
groundwater irrigation at 70, 100 and 120 DAS respectively. 
However, unlike tiller production, which was almost arrested 
after 100 DAS, leaf production showed a marked decline after 
this stage. 
The pattern of the effect of doses of N was the same at 
tillering and heading stages. Treatments NgQ, N^Q and N.j^20 
proved increasingly efficacious in leaf production, with 
the last proving optimum, as its effect was at par with that 
of the higher doses. At the last stage of sampling, 
however, the effect of N120 ^^^ significantly inferior to 
that of N^ g^Q, which was, however, at par with N-j^gQ and 
^210* "^ ^^  percent increase in leaf number in treatment N^2o 
over NgQ was 84.09%, 97.33% and 111.11% at 70, 100 and 120 
DAS respectively. 
93 















































U^  H 
« c 3 
Oi 
OI n) iT 
cn in 
nJ « r 
3 XI -P 
ft 3 




0 O I ft 
in ft 
•P 0 t-
u XI r 
01 +> 












































































































































































































i ' ~ 
ir 
































































































nj >. (J +' 
L w 
> 



















3 --^  3 

















































































































































r I a i 
I J 
h i r 1 
r J 
h i n ^ 
r I J 
































4.2.1.3 Plant height 
Wastewater irrigation resulted in a slight increase in 
plant height over that with groundwater, being 5.94%, 
6.89% and 6.24% at the three successive stages of growth. 
There was a linear increase in plant height from 70 DAS to 
120 DAS (Table 21) . 
When fertilizer' nitrogen doses were taken into 
consideration, it became clear that NgQ gave the lowest 
value. NgQ was slightly superior and critically different 
from it in affecting plant height at tillering, heading and 
milky grain stages. N-j^ 20' ^150' ^180 ^^^ ^210 9^ "^® equal 
values at 70 and 120 DAS. At 100 DAS, N-^ gg was at par with 
^120 °^ ^^^ °^ ® hand and N^QQ and N2]^ 0' °^ ^^ ® other. 
Treatment N-j_2o increased plant height by 61.69%, 28.41% 
and 31.43% over NgQ at 70, 100 and 120 DAS respectively. A 
linear increase in pl'ant height was noted due to increasing 
fertilizer doses. 
4.2.1.4 Leaf area per plant 
Wastewater proved better than groundwater in its 
effect on leaf expansion by 9.08%, 5.64% and 8.04% at 
tillering, heading and milky grain stages respectively. Leaf 
area was noted to increase upto 100 DAS only after which it 
started declining (Table 22). 
The trend of fertilizer nitrogen effect differed 
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doses exhibiting the poorest effect (NgQ and N^Q) gave 
critically different values at each of the the three growth 
stages, with NgQ giving the lowest value. Treatment N-j^20 ^ ^^ 
at par in its effect with the remaining doses (N^^SQ' ^180 
and N2-L0) ^ t 70 DAS and with N^gQ at 120 DAS. At 100 DAS, 
its effect was critically different from that of the other 
treatments but was slightly poorer than that of N-J^ Q^, N^QQ 
and N2]^ 0' '^hich were at par with each other. At the last 
stage, N^QQ and N2]^Q were at par and gave the highest value 
for leaf area. In general, this parameter was found to 
increase upto 100 DAS only. 
4.2.1.5 Fresh weight per plant 
Wastewater irrigation improved fresh weight 
significantly only at 100 and 12 0 DAS, giving an increase 
of 15.05% and 7.78% over the application of groundwater. 
Fresh weight of plants increased consistently upto 120 DAS 
as a result of main plot treatments (Table 23). 
Among sub-plot treatments, NgQ gave the lowest values, 
followed by NgQ, at all the stages of growth while the 
remaining treatments (N-]^20 ^° ^210^ were equally effective 
at the later two stages of growth. However, at 70 DAS, the 
effect of N^2o ^^^ ^^ P=^ ^ with that of N^^Q, which itself 
was at par with that of N^gQ and N2Q^Q that proved most 
effective at this stage. The percentage increase due to N-j^2o 
over NgQ was 104.76%, 50.69% and 35.84% at tillering. 
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heading and milky grain stages respectively. A linear 
increase in fresh weight was observed throughout the growth 
period as a result of each of the six sub-plot treatments. 
4.2.1.6 Dry weight per plant 
Dry weight was also enhanced significantly due to 
wastewater irrigation at 100 and 120 DAS, the increase over 
groundwater irrigation being 17.03% and 16.13% 
respectively (Table 24). Addition of fertilizer nitrogen 
doses exhibited the same pattern as noted for the other 
growth parameters. Treatments NgQ and N^Q (in that order) 
were found to be least effective for dry matter production, 
but their effects were critically different from each 
other. The effects of the rest of the doses (N-L20 ^° ^ 210^ 
were at par with one another. The increase due to N^2o °"^ s^  
NgQ was noted to be 112.12%, 52.56% and 67.26% at tillering, 
heading and milky grain stages respectively. The production 
of dry matter was more rapid between 70 and 100 DAS but 
became slower later. 
4.2.2 Leaf N, P and K contents 
The data were significant at all the growth stages, 
except 70 DAS, wh^n the effect on leaf nitrogen and 
potassium contents were non-significant as far as main plot 
effect was concerned (Tables 25-27) . The details of the 
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Wastewater irrigation increased leaf nitrogen content 
by 8.69% and 7.16% over the application of groundwater at 
100 and 120 DAS respectively. However, a sharp decrease was 
noted at 100 DAS and relatively less pronounced decrease at 
120 DAS. 
Sub-plot treatments had a linear increasing effect on 
leaf nitrogen content, at tillering, heading and milky grain 
stages. NgQ, N^Q, N^20 ^^'^ %50 9^ "^ ® critically different 
values, while N^^QQ and NJJ^Q were at par in their effect at 
all the stages. N-j^20 9^ "^ ® ^^ increase of 27.33%, 22.58% and 
20.98% over NgQ at the three successive stages of growth. 
The leaf nitrogen content in each fertilizer treatment 
decreased conspicuously during 70-100 DAS, while the 
decrease was not so sharp after 100 DAS (Table 25). 
4.2.2.2 Phosphorus 
Wastewater irrigation was noted to increase leaf 
phosphorus content by 4.95%, 3.92% and 9.31% over the 
control (groundwater irrigation) at tillering, heading and 
milky grain stages respectively. There was continuous 
decrease in leaf phosphorus content from 70 DAS to 120 DAS, 
The effect of fertilizer nitrogen treatments differed 
in its pattern from one stage to the other. However, 
treatment NgQ differed critically with all other treatments 
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values at all stages. The next higher dose (N^Q) gave 
slightly higher values at each stage and was at par with 
^120 ^^ ^^^ effect at 70 DAS. Treatments Nj^ 20 ^° ^210 "^^^ 
equally effective at each stage and gave the highest values 
for leaf phosphorus content. The increase in N-j^20 °"^ ^^  ^eo 
was 5.71%, 9.32% and 9.95% at tillering, heading and milky 
grain stages respectively. Comparing the effect of basally 
applied nitrogen doses individually at the three growth 
stages, it was evident that leaf phosphorus content showed a 
progressive decrease from 70 to 120 DAS (Table 26). 
4.2.2.3 Potassixxm 
Wastewater irrigation improved the leaf potassium 
content at 100 and 120 DAS, but at 70 DAS, its effect 
remained non-significant. The increase due to wastewater 
irrigation over groundwater irrigation was 8.25% and 8.00% 
at 100 and 120 DAS respectively. Like leaf nitrogen and 
phosphorus contents, leaf potassium content also decreased 
from 70 to 120 DAS in both main plot treatments (Table 27). 
Data for the nitrogen doses (sub-plots) showed the same 
pattern at 70, 100 and 120 DAS. Thus, treatment NgQ gave 
the lowest value for leaf potassium content, which was 
critically different at each stage from the values for all 
other doses of nitrogen, including N^Q that proved slightly 
more efficacious at each stage. 
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at par with each in their effects. The increase at the three 
successive stages of growth in N2^ 20 o'^ ^^  ^60 ^^^ 19.08%, 
16.74% and 14.21%. It was observed that there was continuous 
decrease in leaf potassium content from 70 to 120 DAS. 
4.2.3 Net assimllati'on rate (NAR) 
NAR was significant at 70-100 DAS only as far as the 
main plot effect was concerned. Sewage wastewater irrigation 
showed 10.22% increase in the NAR value over groundwater 
irrigation at this stage. A deviation in observation from 
that for various growth parameters noted above was that, the 
two low doses of nitrogen (NQQ and NgQ in that order) gave 
higher NAR values than the medium and high doses (N-L20 ^° 
^210^ that were at par in their effect on NAR between 70 and 
100 DAS. The trend was reversed between 100-120 DAS. 
Treatments NgQ and N^Q gave the lowest (at par) values and 
^120 ^° ^210 ^^® higher but equal value (Table 28) . An 
increase of 74.68% at 100-120 DAS was noted in N^20 °^^^ 
Neo-
4.2.4 Yield parameters 
Irrigations and basal nitrogen doses exhibited 
significant effect on yield parameters studied at harvest. 
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4.2.4.1 Ear number per plant 
Wastewater treatment enhanced the number of ears per 
plant by 8.69% over groundwater irrigation. 
Ear number per plant was significantly affected by the 
application of nitrogen also. -^^ 20 pi^ oved the optimum 
fertilizer dose for this parameter as the application of 
nitrogenous fertilizer beyond this dose proved ineffective 
in terms of increase in ear production. The increase in 
^120 o"^ ®^  NgQ was 136.64%. N^Q improved the value for ear 
number slightly over NgQ but was far lesser efficacious than 
^120 ^° ^ 210 t^ t^ were at par in their effect (Table 29). 
4.2.4.2 Length per ear 
Wastewater irrigation increased ear length by 13.92% 
over groundwater application. Among nitrogen doses, NgQ 
produced the shortest ears, followed by N^Q. The effect in 
these two treatments was critically different from each 
other, while the optimum dose (N22o^  ^^^ ^^ P^^ with the 
remaining doses and gave an increase of 21.41% over NgQ 
(Table 29). 
4.2.4.3 Ear weight per plant 
A significant increase of 14.99% was noted as a result 
of wastewater irrigation over groundwater application 
with respect to this character (Table 30). 
The nitrogen doses exhibited a trend similar to that 
noted for ear number and length. N-j^ 20' being at par with 
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^150' ^180 ^^^ ^210' Pro"^ sd to be the optimum nitrogen dose, 
giving 54.12% heavier ears than NgQ. 
4.2.4.4 Spikelet number per ear 
Wastewater application produced 11.80% more spikelets 
per ear than groundwater irrigation (Table 30). 
NgQ and NQQ gave critically different and low values in 
that order. N-j^20 again proved optimum, in its effect, being 
at par with the other doses, namely N^^Q, N^QQ and N23^ o-
Treatment N^20 produced 54.31% more ears than NgQ. 
4.2.4.5 Grain number per ear 
Number of grains per ear was significantly more in 
plants irrigated with wastewater in comparison with 
groundwater. The percent increase recorded was 6.71%. 
Among the fertilizer doses, N-L2O proved the optimum 
fertilizer nitrogen dose, being at par with the three doses 
higher to it with regard to average ear production. 
Treatments NgQ and N^Q proved to be deficient, with the 
former giving the lowest value. N-]^2o showed an increase of 
56.62% over NgQ (Table 31). 
4.2.4.6 1,000 Grain weight 
Wastewater irrigation resulted in the production of 
heavier grains than groundwater irrigation, the increase 
being 5.14%. 
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being critically different in their effect. The remaining 
treatments (N-]^20 ^ ° ^210^ proved at par in their effect on 
1,000 grain weight, with N-j^2o showing an increase of 28.26% 
over NgQ (Table 31). 
4.2.4.7 Grain yield 
It is evident from Table 32 that grain yield was 
significantly affected by main plot treatments, being 24.87% 
more in sewage wastewater treatment than groundwater 
irrigation. Nitrogen treatment N-]^2o P^ o"^ sd optimum for this 
important yield parameter, as higher doses of nitrogen were 
at par with it. N-j^20 S^ "^ ® ^^ increase of 25.69% over NgQ, 
that gave the lowest value, followed by N^Q with which it 
differed critically in its effect. 
4.2.4.8 Straw yield 
Wastewater irrigation also enhanced the straw yield 
significantly over groundwater treatment, the increase 
being 9.28%. 
The pattern of the effect of nitrogen doses on straw 
yield was similar to that noted for grain yield. N-j^ 20' 
bieng at par with N^^Q, N-J^ QQ and N2]^ 0' Pi^ o^ ed optimum among 
the nitrogen doses applied. It gave an increase in straw 
yield of 122.58% over NgQ, which proved the most 
inefficacious, followed by NQQ with which it differed 
critically in this respect (Table 32). 
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4.2.5 Grain quality 
Grain protein and carbohydrate contents were found to be 
affected equally by main plot as well as sub-plot 
treatments, except soluble protein content, that was found 
to be affected significantly by the latter. However, 
computed protein and carbohydrate yields were found to be 
affected significantly by both treatments (irrigations and 
nitrogen doses). Only the significant data are considered 
below. 
4.2.5.1 Protein 
Nitrogen doses affected the soluble proteins of the 
grain significantly. NgQ and N^Q proved equally effective 
in this respect, but the latter dose was also at par in its 
effect with the remaining doses (N]^ 20 ^° ^210^ • P^ o^tein 
yield was enhanced by the application of wastewater, giving 
an increase of 29.27% over groundwater irrigation (Table 
33) . As nitrogen dose was increased upto N-j^2o step by step, 
NgQ and NgQ gave different results, the former recording 
lower values than the latter. N-L2O P^ o^ e^d the optimum dose 
as it was at par with N-J^ Q^, N^QQ and N2io- Compared with 
NgQ an increase of 28.49% was noted in -^^ 20 ^°^ this 
parameter. 
4.2.5.2 Carbohydrate 
It is evident from Table 34 that the grain carbohydrate 
yeild per hectare was 27.99% more under wastewater than 
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For nitrogen doses (sub-plots), the pattern was like 
the effect on protein yield. N-j^ 20 9^ "^ ® ^^^ optimum grain 
carbohydrate yield, being at par in its effect with that 
obtained with N^^Q, N-J^ QQ and N2-i^ o treatments. NgQ gave the 
lowest grain carbohydrate yield, followed by N^Q. Treatment 
N^2o 9^ve an increase of 28.53% over NgQ. 
104 
4.3 Experiment 3 
In this factorial randomised field trial, the 
performance of two contrasting triticale varieties, i.e. 
TL-419 and Juppa'S' was studied and compared with that of 
wheat variety HD-2204 (taken as check). The three were 
cultivated under sewage wastewater irrigation and four 
nitrogen doses. Growth parameters and leaf N, P and K 
contents were recorded at three stages. NAR was computed 
for two durations and grain yield and quality parameters 
were assessed at harvest (Tables 35-50). 
4.3.1 Growth parameters 
The data for growth parameters were found to be mostly 
significant (Tables 35-40) and are described here briefly. 
4.3.1.1 Tiller number per plant 
The effect of each nitrogen treatment was critically 
different from that of the others at every stage . Treatment 
N^20 Pi^ oduced significantly more tillers compared with NQ, 
NgQ and NgQ, with NQ producing the least numbers of 
tillers. N]^ 20 enhanced tiller production by 97.22% at 
tillering, 75.86% at heading, and 76.27% at milky grain 
stage over the control NQ (Table 35). 
The three varieties gave critically different values for 
this characteristic at the tillering stage. Wheat check (HD-
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than TL-419 and 7.79% more than Juppa^S'). It is noteworthy 
that both TL-419 and Juppa'S' caught up with wheat in 
tiller production at the heading stage, with TL-419 showing 
2.67% enhanced tillering activity than Juppa'S' with which 
it differed critically in this respect. However, at milky 
grain stage, varietal differences were non-significant 
(Table 35). 
The interaction between nitrogen treatments and 
varieties provided .significant effect at all the three 
stages of sampling. At tillering, N-j^20 ^ TL-419, being at 
par with N^Q X HD-2204 and N-,^20 ^ HD-2204, proved to be the 
best combination, while the least effective combination was 
NQ X HD-2204 and the difference in tiller number between the 
two extremes was 151.56%. At heading, N-[^20 ^ TL-419 gave 
the best performance which could not be matched by any other 
combination. NQ X HD-2204 gave the poorest performance at 
this stage also. The former combination showed an increase 
of 123.99% over the ],atter. At the miky grain stage, N-j^20 ^  
TL-419 maintained the highest numbers of tillers, while all 
three varieties interacted with the no-N treatment equally 
poorly. N-j^20 ^  TL-419 proved 123.99% more effective at this 
stage than NQ X HD-2204 in tiller production. It may be 
noted that at heading and milky grain stages Juppa'S' 
interacted with NQQ and N2_2o equally well with respect to 
tiller production. It may also be recorded that new tillers 
appeared at heading and even as late as milky grain stage. 
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4.3.1.2 Leaf number per plant 
It is clear from Table 36 that N-[^2 0 P^ o<^ c^ed more 
leaves compared with NQ, NgQ and N^Q at all the three 
stages of growth, showing an increase of 74.77% at 
tillering, 77.70% at heading and 83.93% at milky grain 
stage over NQ, that gave the lowest value at each stage. 
Leaf number was highest in HD-2204 wheat, followed by TL-
419 and Juppa'S', in that order. Variety TL-419 showed a 
decrease of 2.7%, 8.03% and 10.51% and Juppa'S', of 13.04%, 
15.28% and 22.71% compared with the wheat check (HD-2204) at 
the three successive growth stages respectively. 
The T X V interaction effect was significant for this 
parameter at all the three stages. At 70 DAS, N-L20 ^ HD-2204 
and N-L20 ^ TL-419 were at par and exhibited the highest 
level of performance, whereas NQ X Juppa'S', equalled by NQ 
X HD-2204, gave the lowest values. N-j^20 ^  TL-419 showed an 
increase of 115.94% over NQ X Juppa'S'. At 100 DAS, N-L20 ^ 
HD-2204, followed by N2^ 20 ^ TL-419, proved to be the best 
combination and NQ X Juppa'S', the poorest. Increase in 
leaf number due to N-]^2o ^ TL-419 over NQ X Juppa'S' was 
92.42%. At 120 DAS also, it was noted that N3^ 20 ^  HD-2204, 
followed by N^jo ^ TL-419, gave the highest value for leaf 
number per plant, with NQ X Juppa*S' giving the lowest 
value. N]_2O ^ TL-419 produced 125% more leaves than NQ X 
Juppa'S' . It may be noted that the mean values for leaf 
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4.3.1.3 Plant height 
The values obtained with different nitrogen doses at the 
three stages were critically different from one another and 
showed a linear increase in plant height with increasing 
doses of nitrogen. "I^ us, the treatment N-|^20 Pi^ oduced the 
tallest plants showing an increase of 68.66% at tillering, 
65.61% at heading and 62.51% at milky grain stage over NQ, 
that gave the lowest value (Table 37). 
At tillering, Juppa*S' and HD-2204 were at par while 
TL-419 was critically different and was 9.65% taller than 
the two. At heading, TL-419 remained the tallest vareity, 
followed by Juppa'S' and HD-2204, in that order. At milky 
grain stage, Juppa'S' caught up with TL-419 while wheat 
again possessed the s'hortest plants. 
As far as interaction between treatments and varieties 
was concerned, at 70 DAS, N-,2n ^  TL-419 proved the best and 
NQ X HD-2204 the poorest combination. N^20 ^ TL-419 gave an 
increase of 109.95% in plant height over NQ X HD-2204. At 
100 DAS, N^20 ^ TL-419 gave the maximum value, while NQ X 
HD-2204 and NQ X Juppa'S' gave the lowest (at par) values. 
At this stage, ^i20 ^ TL-419 increased plant height by 
113.72% over NQ X Juppa'S'. At 120 DAS, however, N-L20 ^ 
Juppa'S', at par with N^2o ^ TL-419, proved the best 
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showed an increase of 85.06% over NQ X HD-2204. 
4.3.1.4 Leaf area 
It is evident from Table 38 that there was a linear 
increase in leaf area with increasing nitrogen doses. Thus 
treatment N2^ 20 Produced the largest leaf area and NQ, the 
smallest. N.j^20 showed an increase of 96.60%, 74.03% and 
87.31% over NQ at tillering, heading and milky grain stages 
respectively. 
TL-419 was at par with HD-2204 at tillerng while at 
heading and milky grain stages, the wheat check proved 
superior to them in terms of leaf area. However, TL-419 
performend better than Juppa^S', showing an increase in leaf 
area of 5.67%, 8.04% and 3.97% at tillering, heading and 
milky grain stages respectively. 
Interaction effect between varieties and treatments was 
found to be significant. At 70 DAS, N^20 -^ TL-419 gave the 
maximum value (149.91% more than NQ X TL-419, that produced 
the minimum leaf area) . At 100 DAS, N-]^20 ^  HD-2204 gave 
the best results and NQ X Juppa'S', the poorest. The former 
treatment gave an increase of 104.14% over the latter. At 
120 DAS, N^20 ^ TL-419 gave the maximum value and NQ X TL-
419, the minimum. ^i20 ^ TL-419 showed an increase of 
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4.3.1.5 Fresh weight per plant 
Increase in fresh weight was noted consistently with 
increase in fertilizer doses from 0 to 120 kg/ha at each of 
the three samplings (Table 39) . Treatment N-|^20 gave the 
maximum fresh weight. An increase of 79.57%, 66.83% and 
67.61% was recorded over NQ at the three growth stages 
respectivlely. 
The three varieties tested in this experiment responded 
differently at the three stages. TL-419 produced the maximum 
fresh weight at tillering, while the fresh weight of wheat 
and Juppa'S' was at par. At heading Juppa'S' lagged behind 
the other two varieties, which in turn were at par. 
However, at milky grain stage the three varieties were 
critically different and wheat produced the maximum fresh 
weight, followed by TL-419. TL-419 gave an increase over 
Juppa'S' of more than 8.74% at tillering, 36.97% at heading 
and 25% at milky grain stage respectively. 
Regarding interaction effect on this parameter, at 70 
DAS, ^120 ^ TL-419 gave the best results and each of the 
three varieties in combination with NQ, the poorest, i^iIO ^ 
TL-419 giving an increase of 97.50 % over NQ X HD-2204. At 
100 DAS, ^120 ^ TL-419 again gave the best performance, 
its fresh weight being 61.81% more than that of NQ X TL-
419, that gave the lowest value. At 120 DAS, the 
combinations N-j^20 ^  TL-419 and N^2o ^ HD-2204, being at par, 
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pointed out that N^Q X TL-419 was equally effective when 
compared with N]^ 20 ^  HD-2204, indicating comparatively lower 
requirement of nitrogen by the triticale than wheat. 
4.3.1.6 Dry weight per plant 
As noted for fresh weight, the values for dry weight 
also were critically different at tillering, heading and 
milky grain stages for each nitrogen dose applied. Higher 
dry weight was noted under N^20' showing an increase of 
91.41%, 71.98% and 79.49% over NQ at tillering, heading and 
milky grain stages respectivley (Table 40). 
TL-419 was at par with HD-2204 at tillering stage while 
Juppa'S' gave the lowest value, which was critically 
different from the other values. At 100 and 120 DAS, the 
pattern remained the same. TL-419 produced 8.88%, 5 9.3 0% 
and 33.07% more dry matter than Juppa'S' at tillering, 
heading and milky grain stage respectively. 
Among the interaction effects, at 70 DAS, N^2o ^ '^ "^ 
419 gave the highest value and NQ X TL-419, NQ X Juppa'S' 
and NQ X HD-2204 being at par, the lowest. At 100 DAS, N-,^20 
X TL-419 again proved the most superior combination, while 
NQ X Juppa'S' gave the poorest result, an increase of 
66.68% being recorded in N-]^20 ^ TL-419 over NQ X TL-419. At 
120, DAS, N^20 ^ TL-419 gave the highest value and NQ X 
Juppa'S', the lowest. N^20 ^ TL-419 showed an increase 
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as effective as N-,^20 ^  HD-2204, while NQQ X HD-2204 was at 
par with N-]^20 ^ Juppa'S' . 
4.3.2 Leaf N, P and K contents 
The effect of nitrogen treatments on the nitrogen 
content of leaves was found to be significant at all stages 
but that on phosphorus and potassium remained non-
significant throughout. Vareital response was significant 
for potassium at all stages and for nitrogen at milky grain 
stage only. The effect of the interaction between nitrogen 
doses and varieties on leaf N, P and K contents remained 
non-significant (Table 41-43). 
4.3.2.1 Nitrogen 
From Table 41, it may be noted that the nitrogen doses 
showed similar pattern of effect at 70, 100 and 120 DAS. N^Q 
proved optimum throughout the growth period and showed 
an increase of 17.36%, 18.89% and 21.95% over NQ at 
tillering, heading and milky grain stages respectively. 
Regarding varietal response, at 120 DAS, maximum 
nitrogen content w^s recorded in TL-419, showing an 
increase of 19.28% over HD-2204 with which Juppa'S' was at 
par. 
4.3.2.2 Phosphorus 
As is evident from Table 42, the effect of nitrogen 
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on leaf phosphorus was non-significant 
4.3.3.3 Potassiiun 
At 70 DAS, Juppa'S' and HD-2204 gave similar response 
while the potassium content in leaves TL-419 was critically 
different and comparatively lower. TL-419 showed a decrease 
of 14.61% compared with HD-2204. The pattern of response of 
varieties was found to be similar at 100 and 120 DAS. HD-
2204 proved the best variety, differing critically with TL-
419 and Juppa'S' which were at par with each other. TL-419 
showed a decrease of 20.84% compared with HD-2204 at 100 
DAS and 19.02% at 120 DAS (Table 43). 
4.3.2 Net assimilation rate (NAR) 
All data for NAR were significant. Initially during 
70-100 DAS, NQ gave highest NAR, followed by NgQ. The 
lowest NAR was recorded in N3^ 20- While at 100-120 DAS, the 
reverse was the condition. Here N^20' ^90 ^"^ ^60 ^^^e ^^ 
par and superior to NQ. NgQ, thus proved to be optimum and 
recorded an increase of 17.31% over NQ (Table 44). 
The three varieties gave critically different NAR 
values. TL-419 gave the best results showing an increase of 
27.03% over HD-2204 and 65.88% over Juppa'S', the poorest 
among the three varieties tested at 70-100 DAS. The varietal 
response was reversed at 100-120 DAS. Juppa'S', gave the 
maximum NAR value, which was critically different from 
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The interaction effect was significant for NAR. At 70-
100 DAS, NQ X TL-419 gave the best performance, followed by 
NgQ X TL-419. While, N^Q X Juppa'S' gave the lowest value. 
While at 100-120 DAS, although Juppa'S' with several doses 
gave the highest values, TL-419 did not lag far behind and 
interacted much better than wheat with the various nitrogen 
doses. 
4.3.4 Yield parameters 
The treatments showed significant effect on yield 
parameters (Tables 45-48). The data are briefly described 
below. 
4.3.4.1 Ear number per plant 
Increase in ear number was linear. Thus, the maximum 
number of ears per plant was recorded in N^20- •'•^  ^^'^ ^® 
noted that the increase from NQ to N]^ 20 ^ ^^ 80.61%. 
However, the data was non-significant for varieties as 
also for the interaction effect between nitrogen treatments 
and varieties (Table 45). 
4.3.4.2 Length per ear 
Maximum ear length was recorded in N]^ 20' tiding 71.34% 
over NQ, the control. Treatment NgQ and N^Q also enhanced 
ear length significantly and their effect was criticaly 
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NQ and NT2O- t^ ^^y ^^ added that the effect of increasing 
nitrogen levels was linear. 
As far as varietal performance was concerned Juppa'S' 
remained at par with HD-2204. TL-419 recorded maximum ear 
length giving an increase of 18.75% over HD-2204. 
^120 ^ TL-419, being at par with N^Q X TL-419, gave the 
maximum ear length and NQ X Juppa'S' (as well as NQ X HD-
2204) , the minimum. For N^20 ^ TL-419, an increase of 
113.15% over NQ X Juppa'S' and 72.16% over NQ X TL-419 was 
recorded (Table 45). 
4.3.4.3 Ear weight per plant 
It is evident from Table 46 that N^2o Produced the 
heaviest ears, their weight being 61.26% more than in NQ . 
The ear weight increased with the increase in nitrogen dose 
from NQ to N]_2o • 
Interestingly, Juppa'S' and HD-2204 were at par and 
produced lower ear weight than TL-419, in which an 
increase of 41.11% over HD-2204 was recorded for this 
parameter. 
4.3.4.4 Spikelet number per ear 
All values were critically different and showed a linear 
response in spikelet number per ear to increasing nitrogen 
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The wheat check (HD-2204) and TL-419 were at par and 
produced about 7.8% more spikelets per ear than Juppa'S'. 
Interaction between nitrogen treatments and varieties 
was found to be non-significant (Table 46). 
4.3.4.5 Grain number per ear 
Like the other yield attributing parameters considered 
so far, N-]^20 produced more grains per ear compared with NQ 
(< NgQ < NQQ) , showing an increease of 70.67% over NQ 
(Table 47) . 
All the three varieties tested responded differently. 
Thus, the maximum number of grains per ear was recorded in 
TL-419 (7.49% more than in HD-2204 wheat and 37.46% more 
than in Juppa'S' which proved to be the poorest among the 
three) . 
Interaction effect of treatment with vatieties was 
found significant for this parameter. The maximum number of 
grains was found in the combination N-j^20 ^ TL-419 and the 
minimum, in NQ X Juppa'S', the difference between the two 
being 137.35%. 
4.3.4.6 1,000 grain weight 
The heaviest grains were produced in treatment N]^ 2o 
(Table 47). An increase of 19.35% was noted in N^20 over 
NQ. 
Varieties and interactions did not show any significant 
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4.3.4.7 Grain yield 
Like other attributes, graded nitrogen application from 
NQ to N^20 ^^^ noted to give increasing grain yield (Table 
48). N-j^20 showed an increase of 67.13% over NQ, while N^Q 
produced 49.97% and NgQ, 24.25% more grains compared with 
No-
It is intresting to note that TL-419 yielded 32.58% 
more than HD-2204, the wheat check and 108.98% more than 
Juppa'S'. 
Interaction effect was found to be significant. The 
combination N-]^20 ^  TL-419 gave the maximum yield and NQ X 
Juppa'S', the minimum. N^20 ^ TL-419 gave 178.31% increase 
over NQ X Juppa'S' and 62.34% over NQ X TL-419. Compared 
with N^20 ^ HD-2204, N-j^20 ^  TL-419 gave 32.58% more yield. 
4.3.4.8 Straw yield 
It is obvious from Table 48 that N-]^2 0 gave the 
highest straw yiel-d, in a linear increase in straw 
production. Treatment N^20 increased straw yield by 81.55% 
over NQ. 
All varieties gave critically different values. Wheat 
performed best among the three varieties for straw 
production, followed by TL-419 and Juppa'S',in that order. 
Among the triticales, TL-419 out-yielded Juppa'S' by 8.79% 
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It is interesting to note that the combinations ^^120 ^ 
TL-419 and N-,20 ^ wheat were at par in terms of straw 
production and gave the highest value whereas the 
combinations NQ X Juppa*S' and NQ X TL-419, being at par, 
gave the lowest value. N^20 ^ TL-419 was noted to increase 
straw production by 117.09% over TL-419. 
4.3.5 Grain quality 
Tables 49 and 50 reveal that most of the data on grain 
quality, assessed by determining the protein and 
carbohydrate contents and yields were significant. These 
are briefly described below. The data for soluble protein 
and insoluble carbohydrate content were non-significant. The 
significant data are described below. 
4.3.5.1 Protein 
Table 49 reveals that, whereas soluble protein was 
affected non-significantly by the application of different 
doses of nitrogen, insoluble protein content in NgQ , N^Q 
and N^2o "^^ statistically at par but higher than in NQ . 
However, for total protein content, N^Q proved to be the 
optimum dose, being at par with N2^ 20 ^^^ showing 9.91% 
increase over NQ. 
The varieties responded similarly with respect to 
insoluble and total protein content, the wheat check giving 

















c — S i 
• * * - i ^ 
E u 
a. • 
• * • 
- 2 
* » *• 
s s 
*• » 
s • u g. 
s s 5 -E £ 
^5 
•*> •• g" 
1.^ 
•> .at P i-s 




















• _ a J 
fc 
•^ U l 
^ 
t * j r 


































































































































« • « 
- O 
i n 
^ - 1 
K> 
i n 




« > H 



























^ - 4 





























































































•^  S 
«x 
z 
o o o 
. 1 ^ 
£ 2 
«f U X 
^ $ 
pattern of their response differed for soluble protein 
content as the two triticale varieties (TL-419 and Juppa'S') 
were found to be at par and wheat HD-2204 proved critically 
superior by 24.70%. In case of insoluble protein, TL-419 and 
Juppa^S' showed a decrease of 9.42% and 23.72% respectively 
compared with HD-2204. Thus, the insoluble protein content 
in the former triticale was much more (18.74%) than the 
latter. The total protein content was also higher in HD-
2204 than in TL-419 and Juppa'S'. It was 11.59% and 23.50% 
less respectively than in HD-2204. However, it is noteworthy 
that, in terms of protein yield, TL-419 proved to be the 
best and Juppa'S' the poorest variety, while HD-2204 
differed from them criticaly. TL-419 showed an increase of 
16.75% over HD-2204 and 89.73% over Juppa'S'. 
Interaction effect was significant for protein yield 
only. N-j^20 ^ TL-419 proved the best combination and NQ X 
Juppa'S', the poorest. The former gave an increase of 
269.44% over the latter. 
4.3.5.2 Carbohydrate 
It is evident from Table 50 that, except for the 
interaction effect on carbohydrate fractions and on total 
carbohydrate content, all data were significant. For 
soluble and insoluble carbohydrate content, N^Q gave the 
optimum results, being at par with N-L20 which (latter) 
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doses were, however, at par with the control (NQ) in their 
effect on total carbohydrate content. Carbohydrate yield was 
also highest in treatment f^l20' ^^® values of nitrogen doses 
being critically different from one another. N-j^ 20 9^ "^ ^ 
73.00% more carbohydrate yield than NQ. 
All varieties were critically different from one 
another in their soluble carbohydrate content. HD-2204 
proved to be the best variety and Juppa'S' the poorest. 
Whereas HD-2204 showed an increase of 9.47% over Juppa^S', 
TL-419 gave an increase of 4.2%. However, for insoluble and 
total carbohydrate content, TL-419 and HD-2204 proved 
equally superior over Juppa'S' giving more than 8.6% and 
7.7% increase respectively. For carbohydrate yield also, all 
three varieties stood critically different from one another. 
TL-419 proved superior to Juppa'S' as well as HD-2204 and 
gave an increase of 78.18% over Juppa^S' and 31.33% over 
wheat. 
120 
4.4 Experiment 4 
The design of this field experiment was factorial 
randomized. Four doses of phosphorus, namely PQ, ^20' ^40 
and PgQ were taken to test their effect on TL-419 and 
Juppa'S' together with HD-2204 wheat check. Sewage 
wastewater was used for irrigation which had proved superior 
to ground water in Experiments 1 and 2. Various growth 
parameters were recorded at three stages of growth and those 
of yield and grain quality at harvest (Tables 51-66) . 
4.4.1 Growth parameters 
All the growth parameters selected in earlier 
experiments (1-3) were noted at tillering (70 DAS), heading 
(100 DAS) and milky grain stage (120 DAS) , and most of the 
data were found to be significant. However, interaction 
effect of treatments with varieties was non-significant for 
all growth parameters, except fresh weight at 120 DAS. The 
significant data are breifly described below (Tables 51-
56) . 
4.4.1.1 Tiller number per plant 
P^ Q and PgQ gave the highest (statistically equal) 
number of tillers per plant and PQ gave the lowest number at 
all the stages of growth. P^Q enhanced tiller number per 
plant by 28.83%, 31.68% and 27.26% over PQ at tillering, 
heading and milky 'grain stage respectively. P2Q was 
121 
effective only when compared with PQ (Table 51). 
Regarding varietal response, TL-419 was found to be at 
par with HD-2204 wheat on one hand and Juppa'S' on the 
other. However, at heading and milky grain stages, an 
increase of 7.78% and 7.62% over wheat, which was at par 
with Juppa'S', was noted in TL-419. 
4.4.1.2 Leaf niunber per plant 
It is clear from Table 52, that the pattern of the 
effect of treatments was almost the same as noted for tiller 
number. Thus, PgQ' followed by P40' produced more leaves 
compared with the other treatments at tillering stage. At 
heading and milky grain stages, however, P^Q and PgQ (being 
at par) gave highest number of leaves and PQ, the lowest 
value. P4Q gave an increase of 41.55%, 47.71% and 55.16% 
over PQ at tillering, heading and milky grain stages 
respectively. 
TL-419 and wheat remained at par in their response, 
giving better results throughout the growth period, while 
Jupppa'S' again proved poor at all the stages. TL-419 
recorded an increase in leaf production of 30.76%, 25.86% 
and 19.90% con^ared with Juppa'S' at tillering, heading and 
milky grain stages respectively. 
4.4.1.3 Plant height 
As in the case of the other parameters described 
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was at par with it at all the three stages. P^Q gave an 
increase of 18.21%, 12.57% and 13.38% over PQ at 70, 100 and 
120 DAS, while P2Q remained critically different in effect 
from the other treatments (Table 53). 
Response of varieties remained uniform throughout the 
growth period. Variety TL-419 gave the maximum height of 
plants and HD-2204, the minimum. Juppa'S' remained inferior 
to the former but superior to latter. TL-419 recorded an 
increaase of 23.56%, 27.36% and 22.17% over HD-2204, while 
Juppa'S' was taller by 7.65%, 7.26% and 12.52% over HD-2204 
respectively at the three successive stages of growth. 
4.4.1.4 Leaf area per plant 
The treatments P^Q and PgQ gave statistically equal and 
maximum leaf area per plant and PQ, the minimum at 
tillering, heading and milky grain stages. At the three 
stages of growth P^Q recorded an increase of 27.23%, 19.06% 
and 27.24% over the control PQ. 
TL-419 gave the best performance at tillering and 
heading stages while Juppa'S' and HD-2204 were at par. At 
milky grain stage, Juppa'S' recorded poorest value, but HD-
2204 and TL-419 gave statistically equal values. In case of 
TL-419, an increase of 16.27%, 9.99% over HD-2204 was noted 
at 70 and 100 DAS (T^le 54) . 
4.4.1.5 Fresh weight per plant 
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values and PQ, the lowest. The former treatment gave an 
increase of 25.31%, 28.12% and 28.95% over PQ at 70, 100 and 
120 DAS respectively. PQ and P20 were different in their 
effect from each other as well as the other treatments at 
these stages (Table 55) . 
Varieties responded differently at the three stages. TL-
419 produced the heaviest plants at tillering and milky 
grain stages. At tillering stage, Juppa'S' and HD-2204 were 
at par, while at heading stage, TL-419 was at par with HD-
2204 and both were superior to Juppa'S' . Finally, at milky 
grain stage, all the varieties behaved differently from 
each other. TL-419 recorded an increase over wheat of 
16.61% at tillering and 5.93% at milky grain stage. 
Interaction was significant in this parameter only at 
120 DAS. It was noted that P^Q X HD-2204, PgQ x HD-2204, 
P4Q X TL-419 and PgQ x TL-419 were at par. P^Q X HD-2204 
recorded an increase of 41.65% over PQ X HD-2204 and of 
50.20% over PQ X Juppa'S', which gave the lowest value. On 
the other hand, P^Q X TL-419 recorded 51.48% more fresh 
weight over PQ X Juppa'S'. 
4.4.1.6 Dry weight per plant 
Like other parameters P^Q and PgQ gave equal and 
highest results and PQ gave the least value. While PJQ 
remained in between the two extremes. P^Q recorded an 
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heading and milky grain stages respectively (Table 56). 
When varietal response was considered, TL-419 proved to 
be the best variety and Juppa*S', the poorest which was, 
however, at par with HD-2204 at tillering stage only. While 
at the other two stages, all the varieties behaved 
differently from each other. Dry matter production 
increased in TL-419 by 9.16%, 7.96% and 9.28% over HD-2204 
at the three successive stages of growth. 
4.4.2 Leaf N, P and K contents 
Data regarding the effect of application of phosphorus 
were significant for leaf N and P contents only. Regarding 
varieties, data for N were significant at milky grain stage 
only. When leaf P and K content were considered, varieties 
were found to exhibit significant effect at all stages. The 
interaction between treatment and varieties remained non-
significant (Tables 57-59) . 
4.4.2.1 Nitrogen 
Although the treatment effect was significant the values 
obtained by different doses were overlapping. As noted at 
tillering, out of the four phosphorus doses, the effect of 
PQ/ P20 "^^ ^ ^ 40 ^s^s found to be at par as were also P20' 
P^ Q and PgQ- P40 showed an increase of 8.58% over PQ at this 
stage. At heading stage, PQ and P2Q on the one hand and 
^20' ^40 ^^^ ^60' °^ ^^® other, were at par with each other. 
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grain stage, the pattern remained similar to that noted at 
heading. An increase of 12.44% over PQ was noted in P^Q 
(Table 57) . 
The leaf nitrogen content in all three varieties was at 
par at tillering and heading stages. However, at milky-
grain stage, TL-419 proved better than Juppa'S' and wheat 
(HD-2204), which were at par with each other. TL-419 showed 
an increase of 17.94% in leaf nitrogen content when compared 
with HD-2204. 
4.4.2.2 Phosphorus 
P40 9^ "ve the optimum leaf phosphorus content, as its 
effect was at par with that of PgQ, while PQ gave the 
minimum value at 70, 100 and 120 DAS. However, at tillering, 
PQ was at par with P20' ^^ heading and milky grain stages, 
PQ and P2Q were critically different in their effect. P^Q 
exhibited an increase of 19.54% over PQ at tillering while 
this treatment enhanced the phosphorus content by 27.44% at 
heading and by 30.76% at milky grain stage when compared 
with PQ (Table 58). 
Variety TL-419 was best in performance throughout, while 
Juppa'S' and HD-2204 were at par at tillering and milky 
grain stages. TL-419 recorded an increase of 8.19%, 20.34% 
and 25.00% over HD-2204 at tillering, heading and milky 
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4.4.2.3 Potassiiun 
The phosphorus treatment did not affect the potassium 
content of leaves significantly at any of the three stages 
of growth. Only varietal response was found to be 
significant (Table 59). 
Taking into account of the varietal response, it was 
noted that the pattern of leaf potassium content differed 
from stage to stage. HD-2204 proved the best variety, which 
was equalled by Juppa'S' at tillering. While at heading, 
Juppa'S' was at par with TL-419. TL-419 showed a decrease of 
13.98% compared with HD-2204 at this stage of growth. While 
at 120 DAS, TL-419, Juppa'S' and HD-2204 were critically 
different from each other. The former two varieties showed a 
decrease of 19.35% and 9.67% respectively compared with HD-
2204 wheat at milky grain stage. 
4.4.3 Net assimilation rate (NAR) 
It was recorded at 70-100 DAS and 100-120 DAS. However, 
the data was found to be significant only at 70-100 DAS. P^Q 
and PgQ were at par and gave the maximum NAR while PQ and 
P20 were critically different. P^Q gave an increase of 8.41% 
over PQ, the control (Table 60). 
When varietal response was considered at 70-100 DAS, 
TL-419 was at par with wheat and gave the best results, 
while Juppa'S' gave the poorest. But at 100-120 DAS, 
Juppa'S' gave the highest NAR value and HD-2204, the 
127 
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poorest. TL-419 and Juppa'S'gave increase of 12.65% and 
22.25% over wheat. 
4.4.4 Yield parameters 
Tables 61 to 64 clearly indicate that the data for 
yield parameters were mostly significant and are described 
briefly. 
4.4.4.1 Ear number per plant 
The treatment effect was significant while varietal 
response and interaction effect was non-significant (Table 
61) . The treatments PgQ, P^Q and P2Q gave statistically 
equal ear number per plant. However, the last treatment 
was also equalled by PQ . An increase of 39.08% over PQ was 
noted in P4o-
4.4.4.2 Length per ear 
The treatment effect was significant while varietal 
response as well as interaction effect of treatment x 
varieties was non-significant (Table 61). The treatments P^Q 
and PgQ were at par with each other, while P^Q was also at 
par with P2o- On the other hand, PQ recorded statistically 
equal value when compared with P2o- ^^ increase of 31.8% 
over PQ was recorded in P4Q. 
4.4.4.3 Ear weight per plant 
For this parameter, treatment effect and varietal 
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significant (Table 62) . PgQ and P40 gave the heaviest ears 
and statistically the values were at par. Treatment PQ gave 
the lowest value. For ear weight per plant, PQ and P20 
recorded different values. P40 enhanced ear weight by 56% 
over PQ. 
Variety TL-419 produced the heaviest and Juppa'S' the 
lightest ears per pldnt. TL-419 recorded an increase of 30% 
over HD-2204. 
4.4.4.4 Spikelet number per ears 
As for ear weight per plant, here also both the 
treatment effect and varietal response were significant 
while interaction effect was non-significant. From Table 62 
it is evident that PgQ and P^Q gave the highest number of 
spikelets and PQ gave the lowest number. PQ and P2Q were 
different from each other as well as from the other 
teatments in their effect. An increase of 30.16% PQ was 
noted in spikelet production due to P4Q. Variety TL-419 was 
superior but at par with HD-2204, whereas Juppa'S' has less 
spikelets per ear. The increase recorded in TL-419 over 
Juppa'S'was 6.37%. 
4.4.4.5 Grain niimber per ear 
For this parameter also treatment effect and varietal 
response were significant while interaction effect was non-
significant. P4Q gav^ the maximum number of grains per ear 












































































































































































































1 1 1 1 















•"^  1 
t> 1 
f-H 1 
• * 1 
1 1 


























































































































o o o 
O (N * -O 










































Ch - H 
O CO 
• <!) 
M ^ 2 
in CN 
CN M Z 
'^  t -





















- i C 
• P O 





minimum value. The effect of P20 was different from that of 
P4Q, PgQ and PQ. There was an increase of 24.49% in grain 
number per ear in P^Q over PQ (Table 63). 
Among the varieties, TL-419 proved best and Juppa'S', 
proved to be the poorest for this parameter. Juppa'S', HD-
2204 and TL-419 responded critically differently from each 
other. TL-419 gave an increase of 11.43% over HD-2204 in 
the number of grains produced per ear. 
4.4.4.6 Grain yeild 
For this parameter also, the treatment effect and the 
response of varieties were significant (Table 64). 
Interaction effect between treatments and varieties was 
non-significant. As for most of the parameters described 
earlier, P^Q gave the highest grain yield, indicating its 
superiority over the other treatment. It was at par even 
with PgQ- PQ ^ ^^ ^20 ^ °^h gave critically different values. 
P^Q, being the optimum dose recorded an increase of 62.55% 
over PQ the control with respect to grain yield. 
TL-419 proved t;he best variety and Juppa' S' , the 
poorest. Juppa'S', HD-2204 and TL-419 gave critically 
different values. TL-419 recorded an increase of 30.39% over 
HD-2204. 
4.4.4.7 Straw yield 
Treatments and varieties gave significant response while 
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Following similar pattern as noted in grain yield, PgQ and 
^40 9^ "^ ^ the best results and PQ the poorest. PQ and P20 
behaved differently from each other. Straw production was 
increased by 51.79% by P^Q application over PQ. 
TL-419, being at-par with HD-2204 proved to be the best 
variety and Juppa'S', the poorest, producing 24.20% more 
straw than Juppa'S'. 
4.4.5 Grain quality 
Tables 65 and 66 clearly show that only the data 
concerned with vartietal performance were significant with 
respect of grain protein and grain carbohydrate contents. 
4.4.5.1 Protein 
For protein yield P^Q gave the highest while PQ gave 
the lowest values. P^Q and PgQ were at par with each other 
and P^ Q noted an increase of 64.39% over Pg the control. The 
treatment P20 was superior over PQ and inferior to P^Q and 
PgQ (Table 65). 
HD-2204 gave the highest protein content while Juppa'S' 
gave the lowest when grains were put to analysis for 
soluble, insoluble and total protein content. Juppa'S', TL-
419 and HD-2204 all gave critically different values in 
soluble, insoluble a"nd total protein content. TL-419 when 
compared with HD-2204 recorded a decrease of 13.98%, 14.40% 
and 14.46% for soluble, insoluble and total protein 
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protein yield. TL-419, HD-2204 and Juppa^S' all gave 
critically different values. TL-419 recorded an increase of 
11.76% over Juppa'S'. 
4.4.5.2 Carbohydrate 
In carbohydrate yield P^Q gave the highest yield of 
carbohydrate and PQ gave the lowest. PQ and P20 were giving 
diferent values ancS P^Q and PgQ were at par with each other. 
Increase of 62.43% by P^Q over PQ was recorded (Table 66). 
When varietal response was studied in soluble 
carbohydtate and total carbohydrtate content, HD-2204 and 
TL-419 proved to be equal and better varieties and for 
insoluble carbohydrate content HD-2204 gave the best 
results. While for total soluble and insoluble 
carbohydrates, Juppa'S' gave the poorest results. For 
soluble carbohydrate, Juppa^S' was different from HD-2204 
and TL-419 which were both at par. Juppa'S', TL-419 and HD-
2204 all varieties 'were different from each other when 
insoluble carbohydrate content was considered. For total 
carbohydrate content TL-419 and HD-2204 were at par and 
Juppa'S' was poorest. 
Variety TL-419 gave the best performance and Juppa'S' 
gave the poorest in carbohydrate yield. Juppa'S', HD-2204 
and TL-419 all gave different values from each other. TL-419 



















. A * 
•• • i 












• • • -
UU 
I 
— r ^4 . 
>^  ' — I <X 














* - 4 
















S £ ffi 
i n 




O' f* 0~ 
CH <S. ^-•4 















>3 -^  z 
CD 























4 .5 Experiment 5 
In this factorial randomsized field experiment the 
effect of ten combinations of various nitrogen and 
phosphorus doses applied basally under sewage wastewater 
irrigation was studied on growth, net assimilation rate, 
leaf N, P and K contents and grain yield and quality of 
two contrasting triticales, i.e. the Indian variety TL-
419 and the Mexican variety Juppa'S' . The data that was 
found significant on analysis, are described below and are 
summerised in Tables 67-82. 
4.5.1 Growth paramet'ers 
Five growth parameters, i.e. tiller number per plant, 
leaf number per plant, plant height , fresh weight per plant 
and dry weight per plant were studied at 70, 100 and 120 
DAS. 
4.5.1.1 Tiller niimber per plant 
It is evident from Table 67 that the effect of 
nitrogen with phosphorus was significant for this parameter 
at all the three stages of growth. Varieties did not differ 
in tiller production at 70 DAS; but at 100 and 12 0 DAS the 
data were found to be significant. At tillering, -^^ 2^0^ 40 
and N^20^60 ^®^^ ^t par in recording maximum tiller 
production, followed by N-j^ 20^ 20' ^90^40 ^"^ ^90^60 (which 
were also at par with each other) . Among all the 
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The rest of the treatments were intermediate in their 
effect. At 70 DAS, N^20^40 Produced 84.03% more tillers in 
comparison with NQPQ. At heading stage, however, the trend 
remained different, the treatments N^QP^Q, N-]^2O^40 ^"^ 
^120^60 P^ O"^ ®^  best combinations followed by N-j^ 2oP20 ^^^ 
NgpP^Q which were also at par with NggPgQ and N-|^ 2o^ 40 °" °^ ® 
hand and N90P20 on the other. NgoP2o, NgoP4o and Ng^Pgo 
followed NQQP2O while NQPQ remained poorest. 
Regarding the varietal performance it was significant at 
100 DAS only, both differed critically with each other at 
this stage, TL-419 giving an increase of 6.35% over Juppa'S' 
in terms of tiller production. 
4.5.1.2 Leaf number per plant 
Table 68 reveals that all the data related to treatment 
effect, varietal response and their interaction for this 
parameter were significant at all the three growth stages. 
^120^60 P^ O"^ ®*^  to be the best combination, giving 89.92% 
more leaves than NQPQ, the poorest among all the fertilizer 
combinations at tillering stage. The former treatment was 
closely followed by N]^ 20^ 40 ^^ich was critically different 
with the other treatments. N^QP^Q and N^QPgQ were at par. 
The rest of the treatments were intermediate. At heading, 
however, N-j^ 20^ 40' g^O'^ eO ^^^ ^120^60 ^^^^ statistically 
equal in their effect, followed by N^Q^Q. Again, NQPQ 
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NggPgQ were at par. At the milky grain stage of growth, 
treatment N-L20^40P^°^®'^ ^° ^ ® optimum as it was at par with 
^120^60" -^^ produced 78.90% more leaves than NQPQ. 
Varieties Juppa'S' and TL-419 were different in their 
capacities to produce leaves throughout the growth period. 
TL-419 was superior to Juppa'S' by 13.36%, 11.88% and 7.42% 
over Juppa^S' at the three successive stages of growth 
respectively confirming the superiority and suitability of 
TL-419 under local agro-climatic conditions. 
When interaction was studied it became clear that 
^120^60 ^ TL-419 at tillering and N3^20^40 ^ TL-419 at 
heading and milky grain stages gave the optimum number of 
leaves per plant. While Juppa'S' with these fertilizer 
combinations proved inferior. NQPQ X Juppa'S' and NQPQ X TL-
419 gave the lowest and equal number of leaves at each of 
the three stages of growth. Increase of 50.34%, 50.48% and 
50.09% was recorded in ^^ 2^0^ 40 ^ TL-419 over NQPQ X 
Juppa'S' at the three successive growth stages respectively. 
4.5.1.3 Plant height 
It was noted that plant height exhibited more or less 
similar pattern at all the three stages of growth (Table 
69). As is evident from the data, the doses containing N^jo 
performed better whether combined with P20' ^40' °^ ^60• ^^ 
tillering, N-]^ 2o^ 20 pi^ oved optimum, giving 71.05% more 
length than NQPQ. The treatments N^20^40 ^^^ ^120^60 "^^^ ^ ^ 
135 
en 1 
c a 1 
« a \ 
























• P 4 J • 
i-l H « ^ 
n W 3 
4* 2 
l - t ' » ' 
n) C 
1/1 H t . 
rd 01 
ja in -p 
01 n) 
H- 01 3 
0 no 01 
•P +> 
in in 1/1 
C 0) 
0 £ 3 H - P 
-P 3 
now C t CP 
H en n) 
£ 3 
e a< 0 oj in 
U lU 
t . £ 
C £ -P 
0) - P 1-1 
•P 3 
+» 4- fO D 
0 OJ 
+> 4* -p nj 
U £ CJi 
0) 0< H 
>f- rt ( . 
V 0) t . 















1 -^ 1 
1 tn 1 































































• * 1 
1 1 
_J 1 






















1 CL 1 






_ l 1 
1 t - 1 
1 in 1 
1 -p 1 
1 C 1 
01 1 























m i n 
O ID 







• * o 
o o 





O - " 
i n r~~-
o 
















































in in in in o o in CD n n (N CM o ••-' 1 
i n •-^ N " * "* O -0 
n o -^ -^ o (-i t 
•r-4 1 - ^ t - * T-A •»-< H-* 1 - * 
o o o o o o o 
^ fT n K3 ' - ' -^ N 
-" tt CO o r^  o o 
n o -' t o N •* t-H T-H T-H -r-t • - I -rH t—I 
o o o o o o 
--1 O • * N K i •=!• ' - I 
n c:j- • • • • • 
O . -0 CD ' - ' Ch r^l 
cj- CD ~ i ^t o —' i n 
•.—t 0 ^ T-H -rH T-H -"-H -rH 
o o in o in in tn 
^ C'^  N CM Ch CD CD 
• • • • • " • 
-0 't N n -0 c^  -< 
f'-J o '-' n o -^  n 
o o o o o 
-0 o ro tt o -^  -^  
t t • 0 - T-1 . - H f • ) 
- " -43 O CM 0^ - I r^l 
T-H t > ••-' T-H I > T-H T-H 
o o o o o o o 
[•^  -0 CM o n <i o 
CO -1 o m • * 00 o 
n ' H f J • * ' H CN 1 ^ 
o '-i o o in in o i n Ch ^ N T-i o N 
• * O h- O CM 00 O 
CO o h- cr- o r^  0-
O CM O O O O O 
>* < i o • * n CN o 
c^  o ^ M 'H in csi 
N -0 1^ CO -^ N CD 
o o o o o o o 
-0 N CJ O O --1 ' t 
0-- '-^ T" h- n CM CD 
CD -43 CD D- -0 OD 0-
n o o 5- O' C' -0 
OL ' ^ <=1"CL -i) -OCL 
C'o . a . OCL CL C' 
r-J O O CM C O CM 
T-H O (J- T-H vO O •^-' 




T - H 
T - H 
• ^ 
T - H 
• 
03 
T - l 
T H 
n 








T - H 
























































- ^ - - S 
H' > 
-' Ul 





























par with N-j_2oP20 ^^ their effect on vertical growth. The 
remaining doses were intermediate in their effect. As at 
tillering stage, NQ^20^20 P^ o"^ sd optimum at heading stage 
also and was at par with that of N-]^ 20^ 40 ^^^ ^120^60 ^^^^^ 
the control NQPQ gave the lowest value among all the 
treatments. However, at milky grain stage, treatments 
^120^60 ^^^ ^120^40 P^ O"^ s^  most effective, N-j^ 20^ 40 9i"^ iri9 
47.79% more height than NQPQ. 
Varieties Juppa'S' and TL-419 were found to have 
different heights at tillering and heading stages while at 
milky grain stage the latter caught up with the former so 
that both were equally tall, statistically speaking. TL-419 
recorded an increase of 10.87% and 15.89% over Juppa^S' at 
tillering and heading stages respectively. 
4.5.1.4 Leaf area per plant 
It is clear from Table 70 that the effect of 
treatments and the response of varieties but not of their 
interaction, was significant for this parameter at each of 
the three stages of growth. The leaf area differed from one 
growth stage to another growth stage. It may be noted that 
at tillering, ^120^40 P^ o"^ ®^  optimum, producing 66.00% 
more leaf area than NQPQ and was also at par with N-]^ 2o^ 60-
The remaining treatments were not distinct in their effect 
as most of them were at par with one another. At heading 
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area than NQPQ, and was statistically equalled by Ni2o^40 
and N-j^ 20^ 60 °^ ^^® °^^ hand and NgpPgQ on the other. The 
treatments NgQP2Q, N^QP^Q and NggPgQ were also at par in 
their effect. At milky grain stage, the treatment effect was 
more pronounced with N]^ 20^ 40 Siting the maximum leaf area 
(82.69% more than NQPQ) . The treatments N-,^ 20^ 60 ^^'^ ^120^20 
followed it, giving critically different values with each 
other. NQQP^Q was at par with N^QPgQ on the one hand and 
with NgQP2Q on the other. 
Regarding varieties, TL-419 was superior to Juppa'S'. 
Both were critically different from each other at tillering, 
heading and milky grain stages. Vareity TL-419 produced 
16.00%, 13.03% and 12.31% more leaf area than Juppa'S' at 
the three successive growth stages respectively. 
4.5.1.5 Fresh weight per plemt 
It is clear from Table 71 that, at all stages of growth, 
the treatment effect and varietal response was significant 
while the interaction effect remained non-significant. At 
tillering, N2^ 20^ 60 9^ "^ ® ^^^ heaviest plants and effected an 
increase of 42.94% over NQPQ, that gave the lowest value. 
Treatment N^2oP40 followed N^20^60 ^^^ ^^^ critically 
different from it in its effect. At heading, treatments 
^120^40 ^^^ ^120^60 ^®^^ ^t par with each other, closely 
followed by NgQPgQ. The treatments N^QPgQ, N-j^ 2o^ 20 ^^^ 
NggP^Q were equally effective in enhancing the fresh weight, 
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and closely followed NgQPgg. The rest of the treatments were 
inferior. However these treatments proved superior to NQPQ 
and NgQPjo- At milky grain stage, treatments N-|^ 20^ 40 ^ *^^  
^120^60 ^®^^ ^^ P^^ ^^ <^  gave the highest values. Treatments 
^90^60' ^90^40 ^^^ ^120^20 ^^^® ^^ effective as -^^ 20^ 40-
Except NQPQ and NgQP20/ the rest of the treatments were 
more or less overlapping in their effect. 
Varieties Juppa'S' and TL-419 responded differently at 
the three growth stages, TL-419 remained superior for this 
parameter throughtout, showing an increase of 13.1%, 32.71% 
and 23.94% over Juppa'S' at 70, 100 and 120 DAS 
respectively. 
4.5.1.6 Dry Weight per plant 
The data in Table 72 were significant at 70, 100 and 120 
DAS. The treatments N^2o^40 °^ ^120^60 (being at par) 
accumulated more dry matter than N-j^ 2o^ 20 ^^^ other 
combinations at all the three growth stages, for example, at 
70 DAS, N220P40 Proved optimum. Among the other treatments, 
^90^20' ^120^20' ^90P40 ^^^ ^90^60 ^^re equal in their 
effect and followed the optimum. The effect of the rest of 
the treatments was more or less overlapping. At 100 DAS, 
^120^40' ^90^60 ^"^ ^ 120^60 ^®^® ^^ P^^' followed by N9QP4Q 
and N2^ 2o^ 20- ^^ ^^^ DAS, again, N2^ 20^ 40 ^^^ ^120^60 ^^^^ ^^ 
par, giving maximum dry weight. The treatments N-j^ 2o^ 20 ^^^ 
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dose. In addition, the latter dose (NgoPgo^ ^^^ equalled by 
NQQP^Q. The rest of the treatments (NgoP20' ^90^20' ^60^40 
and NgQPgg) followed them and gave overlapping values. The 
the control (NQPQ) produced minimum dry matter. 
Varieties Juppa'S' and TL-419 produced critically 
different data at each of the three stages of sampling. 
Variety TL-419 produced 7.64%, 59.56% and 31.52% more dry 
matter than Juppa'S' at the three successive stages 
respectively. 
4.5.2 Lea£ N, P and K contents 
For leaf nitrogen, phosphorus and potassium contents, 
the data were significant for treatment effect but 
varietal response was significant for leaf nitrogen and 
phosphorus centents only. 
4.5.2.1 Nitrogen 
Table 73 indicates that nitrogen content in leaves was 
in general, equally affected by more than one treatment. As 
is evident, at 70 DAS, N-L20P2O' ^90^40' ^120^40' ^90^60 ^^^ 
^120^60 ^sre statistically equal in their effect. Only 
NgQPgQ and NQPQ had critically different effect as the above 
mentioned treatments were also equalled by NgQP2Q, NgQP2o 
and NgoP4o. 
TL-419 accumulated more nitrogen content throughout the 
growth period when compared with Juppa'S',. An increase of 
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at tillering, heading and milky grain stages respectively. 
4.5.2.2 Phosphorus 
When data in Table 74 are considered, it becomes clear 
that the leaf phosphorus contents were significantly 
affected by the treatments at all stages of growth. At 70 
DAS, NgoPgQ, NgoPgQ, N120P6O' N60P40 3"d N90P40 (being at 
par) increased leaf phosphorus content the most. On the 
other hand NgQP2o and NgQP2o (also at par with each other) 
were inferior to all other treatments. At 100 DAS, N-j^ 20^ 40 
and N220P6O' ^®^^9 ^^ par, were maximally effective for this 
parameter. HoMjever, the later dose "was also equalled by 
^90^40 ^^'^ ^90^60 ^^ '^-^  effect. The control (NQPQ) was 
again the least effective among all the treatments while 
^60^20' N90P2O' N120P20 ^"d NgQPgQ were at par and inferior 
to the rest of the treatments. At 120 DAS, the effect was 
more clear, with ^120^60 effecting the maximum leaf 
phosphorus content (32.64% higher than NQPQ which gave the 
lowest value). NgQP^Q, N^QP^Q, N120P40 ^^ ^^  NggPeO ^®^® 
statistically equal with one another and closely followed 
^120^60 •'•" their effect on leaf phosphorus content. 
TL-419 accumulated more phosphorus than Juppa^S' at 
tillering, heading and milky grain stages giving an 
increase in leaf phosphorus content of 8.00%, 14.93% and 
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As mentioned earlier, leaf potassium content was 
affected non-significantly by treatments, varieties as well 
as their interaction (Table 75). 
4.5.3 Net assimilation rate (NAR) 
Regarding net assimilation rate, the data for 
treatments, varieties and their interaction were found to be 
significant. This parameter was recorded for the periods 70-
100 and 100-120 DAS (Table 76). 
The maximum value, for the duration 70-100 DAS was shared 
by NgQP^Q, NgpPgQ, NggP^Q and NgQPgQ while the minimum 
value for NAR for this period was shared by NQPQ, N^20^20' 
^60^20' ^120^40' ^^^ ^90^20- ^°^ ^^^ duration 100-120 DAS, 
the highest value was shared between N^2o^40' ^^^ ^120^20' 
followed by N^20^60' "hile the lowest value was shared by 
^0^0' ^60^20' N90P2O' ^60^40' N90P4O' ^60^60 ^^^ NgoPgQ. 
When the varietal response was taken into consideration, 
it became clear that TL-419 gave an increased NAR for the 
period 70-100 DAS s.howing 52.11% increase over Juppa'S', 
while the reverse was noted for the 100-12 0 DAS period when 
Juppa'S' was superior to TL-419 giving 63.14% increase in 
NAR. 
During 70-100 DAS period NggP^Q x TL-419, NggPgQ x TL-
419, NggP^Q X TL-419, NggPgQ X TL-419 shared the highest 
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Juppa'S', NQPQ X Juppa^S', NgQP2o ^ Juppa' S' , N^QP^Q X 
Juppa'S', N3L20P6O ^ Juppa'S', NggP^Q x Juppa^S', NggPgQ x 
Juppa'S' and N^QP^Q X Juppa'S' shared the lowest values for 
NAR. NgpP^Q X TL-419 showed an increase of 88.83% over 
^120^20 ^ Juppa'S' . However, for 100-120 DAS period, the 
maximum value of NAR was shared by N-j^ 20^ 20 ^ TL-419 and 
^120^40 ^ TL-419 and the lowest value, by NgQP2o ^ TL-419, 
N60P4O ^ Tl-419 at NgoPgo X TL-419. 
4.5.4 Yield pareuneters 
The Tables 77 to 80 show clearly that most of the 
data were significant. These are breifly described below. 
4.5.4.1 Ear number per plant 
Treatments showeji significant effect, while varieties 
and interaction of treatments and varieties gave non-
significant results (Table 77). Treatments N-[^ 20^ 40 ^^^ 
^120^60 ^^^® statistically equal and proved superior for 
ear production than the other treatments. 
^120^20' ^90^40 ^^'^ ^^ 90^ 60 "^^® also at par and closely 
followed the optimum dose in their effect. 
NQPQ was at par with NgQP2Q which in turn was equalled 
by NggP^Q with respect to ear production. Treatment NgoP40 
was at par with NggP^Q. 
4.5.4.2 Length per ear 
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response were significant while their interaction effect 
remained non-significant. 
Treatments N^20^40 ^^^ ^120^60 P^ O"^ "^^  superior and were 
at par. N9QP20' NQQP^Q, NgQPgQ and Nj^ 20^ 20 foUowed them and 
the lowest values were given by NQPQ, NgQP20' ^60^40 ^^^ 
^60^60- ^120^40 9^ "^ ^ ^^ increase of 41.82% in ear number 
over NQPQ. 
TL-419 performed better than Juppa'S' and gave an 
increase of 25.68% over the latter variety. 
4.5.4.3 Ear weight per plant 
This parameter was also affected significantly by 
treatment as well as variety. However, the interaction 
effect was non-significant (Table 78) . For ear weight, 
^90^60' ^120^40 ^^'^ ^120^60 ^^^^ found to be equally 
effective. Treatment NggPgQ was also at par with NgQP20/ 
^120^20' ^90^40 ^^^ ^60^60 """^  ^^^ effect. Application of 
NQPQ resulted in the lowest ear weight per plant giving 
43.69% lower value than Ni20^40-
Like ear length, TL-419 produced heavier ears than 
Juppa'S' surpassing it by 34.57% increase. 
4.5.4.4 Spikelet number per ear 
The treatment effect and varietal response was 
significant for this parameter also while their interaction 
effect was non-significant (Table 78). 
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distinct in comparison to ear length. N-]^ 2o^ 40 ^^^ ^120^60 
being the maximum producers of spikelets per ear, showed 
73.83% and 73.61% increase when compared with NQPQ which 
gave the lowest value. The treatments N-j^ 2o^ 20' ^90^40 ^^^ 
NggPgQ were at par and were close to the best treatments 
mentioned above. N^QP^Q was equalled by NgQP20/ which in 
turn was equalled by NggP^Q and Ngo^GO- "^ ^^  optimum 
treatment (N]_20^ 40^  showed an increase of 73.83% over NQPQ . 
Out of the two triticales tested, TL-419 proved better 
than Juppa'S' and produced 10.47% more spikelets per ear 
than Juppa*S'. 
4.5.4.5 Grain number per ear 
The data were significant for this parameter (Table 79), 
except for the interaction effect. 
Like spikelet number, grain number per ear was also 
maximum (and at par) in N-j^ 20^ 40 ^^^ ^120^60' t)eing 70.93% 
more in N-j^ 2o^ 40 ^^^^ ^^ ^0^0" Treatments N-]^ 20^ 20' ^90^40 
and NgpPgQ were also at par and followed the optimum dose. 
The latter two treatments were also equal in their effect to 
^90^20' "^ ^^  remaining treatments were more or less equal 
with one another and inferior to all the other treatments 
except NQPQ, which produced the minimum number of grains per 
ear. 
TL-419 gave higher number of grains per ear than 
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over Juppa 'S ' . 
4.5.4.6 1,000 grain weight 
Table 79 shows that the data were significant, except 
for the interaction effect. The data indicate that the 
treatments N120P2O' ^120^40' ^120^60 "^'^  NgpFgo were at par 
and superior to the others, including N^QP^Q, and NgQPgQ 
which were also at par with N2^ 20^ 20 ^^^ ^90^60* "^ ^^  rest of 
the treatments were more or less equal with one another. 
^120^40 recorded an increase of 10.40% higher 1,000 grain 
weight than NQPQ. 
TL-419 proved superior to Juppa'S' in producing 
slightly bolder grains, the difference being 2.79% only. 
4.5.4.7 Grain yield 
The data were significant only for the treatment effect 
and varietal response (Table 80). 
Like the other yield parameters, grain yield was noted 
to be maximum in treatments Ni20^40 ^^^ ^ 120^60 ^^^^ were at 
par. N-]^ 20^ 20 9^ "^ ® 50.72% increase over NQPQ, N-L20P40 showed 
an increase of 86.71% over NQPQ and N^20^60 9^ "^ ® increase 
of 87.86% over NQPQ. 
TL-419 proved superior to Juppa'S' and recorded an 
increase in yield 59.77%. 
4.5.4.8 Straw yield 
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effect only, while varietal response and interaction 
effect was non-significant. Like other parameters, N-]^ 20^ 40 
and N^20^60 ^^^^ ^^ P^^' ^120^40 9^ "^ ^ 129.02% and more 
straw than NQPQ. The rest of the treatments were more or 
less equal in one way or the other. 
4.5.5 Grain Quality 
Harvested grains were analyzed for protein and 
carbohydrate content from which protein and carbohydrate 
yield was calculated. Only some data were found to be 
significant and these are considered below. 
5.4.5.1 Protein 
Only the insoluble and total protein contents of grain 
were significantly affected while data for soluble protein 
contents were non-significant. Varietal response was 
significant. However, the interaction effect of treatments 
with varieties was non-significant. Protein yield was 
significantly affecte^ d by treatments. Varietal response was 
also significant; but the interaction effect of treatments 
and varieties on protein yield of grains was non-
significant. 
In case of insoluble grain protein content, it was 
found that N90P20. N120P2O' N120P4O ^^^ -^1^ 20^ 60 ^^^^ ^^ 
par and were comparatively more effective. N-j^ 20^ 40 9^ "^ ^ ^" 
increase of 19.86% over NQPQ. Maximum total protein content 
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may be obtained in N-]^ 20^ 40- However, it was equalled by 
several other treatments, exception being except N6o^20-
The least value was noted in NQPQ. The rest of the doses 
were more or less equally effective. N-j^ 20^ 40 9=^ "^ ^ ^^ 
increase of 16.70% over NQPQ. Table 81 clearly shows that 
protein yield was significant. Here, N]^ 20^ 40 ^^^ ^120^60 
were at par and out-yielded the other treatments. Thus 
treatment N^20^40 P^ O'v-ed to be optimum. These two treatments 
were followed by NgQP20/ ^120^20' ^90^40 ^^^ ^90^60 ^^ i"^ *^  
were at par for this parameter. NQPQ gave the least value 
and the remaining treatments were more or less equally 
effective. The treatment N-]^ 20^ 40 ir^ creased total protein of 
grain by 121.76% over? NQPQ. 
When varietal response was considered, TL-419 proved 
the better of the two varieties foe soluble, insoluble and 
total protein content, giving an increase of 12.65%, 12.04% 
and 12.16% respectively over Juppa'S'. For protein yield, 
TL-419 gave an increase of 78.54% over Juppa'S'. 
4.5.5.2 Carbohydrate 
Treatments effect was significant for carbohydrate 
yield only but varieties showed significant differences 
for the two fractions as well as total carbohydrate content 
and carbohydrate yield of grains (Table 82). 
For carbohydrate yield, treatments N-]^ 20^ 40 ^^^ ^120^60 
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increased the carbohydrate yield of grains by 80.71% over 
NQPQ . The remaining treatments were more or less of equal 
values as their effect was not very distinct. The least (at 
par) value was given by NQPQ and NgQP2o-
TL-419 performed better than Juppa'S' when soluble, 
insoluble and total carbohydrate content was considered. The 
increase recorded was 6.82%, 7.21% and 8.20% for soluble, 
insoluble and total carbohydrate content respectively over 
Juppa'S'. For carbohydrate yield, TL-419 proved to be the 
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CHAPTER-5 
DISCUSSION 
The first varietal trial was a field experiment 
conducted to compare sewage wastewater irrigation with 
groundwater irrigation, taking five triticale cultivars to 
study their performance in comparison with a local popular 
wheat taken as check. The second field experiment was a 
fertilizer trial to compare the effect of six nitrogen doses 
on triticale TL-419, grown with wastewater and groundwater. 
The third and fourth field experiments were conducted on 
two contrasting triticales, namely TL-419 and Juppa^S', 
whose performance was again checked against wheat. The crops 
were irrigated with sewage wastewater only and recieved 
various doses of nitrogen (Experiment 3) and phosphorus 
(Experiment 4) . In the last field trial (Experiment 5) , 
different combinations of nitrogen and phosphorus were 
applied to TIJ-419 and Juppa'S' . The criteria for selecting 
the best treatments and cultivars were, growth 
characteristics, leaf NAR, leaf N, P and K contents, grain 
yield characteristics and grain quality in all the 
experiments. In the following pages, the morphophysiological 
implications of all the data are discussed together for the 
sake of convenience under the headings growth 
characteristics, leaf N, P and K contents, NAR, yield 
characteristics and grain quality. 
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5.1 Growth characteristics 
In Experiments 1 and 2, sewage wastewater proved 
superior to groundwater for the growth parameters of five 
triticales and wheat, giving higher leaf number, tiller 
number, fresh weight and dry matter production. This may be 
because of essential nutrients present in sewage 
wastewater, like nitrogen, phosphorus, sulphur, calcium, 
potassium and some of the micro-nutrients (Table 2) 
resulting in increased growth. Similar views have been 
expressed by Sullivan (1970), Bole and Bell (1978), 
Wallace et al. (1978), Overman (1975, 1979 a), Baddesha et 
al. (1986), Veer and Kusumlata (1987), Neilsen et al. 
(1989) and Pratibha (1991) who cultivated different crops 
with wastewater. It may be pointed out that, wastewater 
specially sewage is rich in mineral elements and provide 
nutrients which are neccessary for proper growth and 
development of plants, as reported by Sopper and Kardos 
(1973), Lance and Gerba (1977), Shuval (1977), Brar and 
Miller (1978), Marten (1980) and Hundal et al. (1990). The 
role of these nutrients is well known. For example, nitrogen 
is esential for cell division and expansion (Hewitt, 1963; 
Gardner et al., 1985; Devlin and Witham, 1986); sulphur for 
certain amino acids, and vitamins, phosphorus for energy 
transfer compounds, nucleic acids, cell membranes and 
phosphoprotein; potassium for its role in photosynthesis by 
directly increasing growth and leaf area index and as 
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cofactor for many enzymes (Gardner et al., 1985); calcium 
for cell division and elongation and for the selective 
regulatory function of cell membranes while magnesium is the 
centre of the chlorophyll molecule and is also essential for 
various enzymatic reactions (Gardner et al., 1985). 
Micronutrients, like copper, iron, manganese and zinc etc. 
are constituents of various enzymes or are activators which 
are directly or indirectly involved in metabolic processes 
(Devlin and Witham, 1986). 
Regarding the cultivar differences (Experiment 1) , 
Delfin was superior with regard to almost all growth 
parameters at each stage while TL-419 and HD-2204 followed 
it, while Juppa'S' and Mula'S', on the other hand, gave the 
lowest values (Tables 3-8). The better growth performance of 
Delfin and TL-419 compared with the wheat check would be 
expected as HD-2204 was a dwarf cultivar of wheat with a 
lower inherent capacity for tillering (Table 3) and leaf 
production (Table 4) . As is evident from Table 7 and 8, 
fresh weight and dry weight were higher in Delfin and TL-419 
when compared with other cultivars. This might be due to 
their greater photosynthetic area (Moss, 1988) because of 
higher tiller and leaf number as noted at the three stages 
of growth. The present data confirms the findings, on 
triticale cultivars, of Gerek and Kutluk (1972) ,- Sethi and 
Singh (1972); KisS (1973); Saini and Nanda (1974); Inam 
(1978); Abbas et al. (1983 a); Moinuddin et al. (1985); 
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Abdalla et al. (1986); Samiullah et al. (1987); Moinuddin et 
al. (1990 a) and Fatima (1993). 
In Experiments 3, 4 and 5, TL-419 performed better than 
Juppa^S' for almost all growth parameters, confirming some 
of the findings of Fatima (1993) . The wheat cv. HD-2204 
closely followed TL-419 with regard to most of the growth 
parameters (Experiments 3 and 4) . There are a number of 
reports from India and abroad where new triticales have 
proved superior to wheat in growth and development (Inam, 
1992) . 
Addition of fertilizer N and P to the crop had a 
beneficial effect on all the vegetative characteristics 
(Experiments 2 and 3) . The growth of plant organs results 
from orderly cell divison, expansion and differentiation. 
These processes are dependent on proper supply of nutrients 
(Moorby and Besford, 1983; Marschner, 1986) that influences 
plant growth and development directly by providing important 
macro-molecules and indirectly by their effect on the supply 
of assimilates and growth hormones. The present findings 
also confirmed that, during the vegetative phase, 
requirement for fertilizers increased with age which is well 
known for plants in general. The beneficial effect of 
fertilizer application on triticale cultivars revealed in 
the present study is in conformity with the results of a 
large number of workers in India and abroad (Acosta, 1973; 
Kiss, 1973; Afridi et al., 1911; Inam, 1978; Tahir, 1978; 
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Kalra and Dhiman, 1979; Ponce et al., 1981 and Inam, 1992). 
Growth, it may be recalled is a manifestation of the 
intrerplay of the meristematic and metabolic processes. 
Among these, cell division, elongation and expansion, 
nitrogen metabolism and dry matter production, which are 
responsible for meris,tematic activity, leading to branching, 
elongation and increase in volume and weight, are known to 
be particularly enhanced in response to nitrogen application 
(Hewitt, 1963; Devlin and Witham, 1986). 
In the present study (Experiment 3) , N-j^2o Proved optimum 
for the growth of plants, as higher doses of nitrogen (N-^^Q, 
^180 ^^ *^  ^210^ proved at par with it, indicating luxury 
consumption of this nutrient. Fertilization leading to such 
luxury consumption is, however, counter productive 
economically. 
Interestingly, P^Q proved optimum among the doses of 
phosphorus applied in Experiment 4 with sewage wastewater. 
In this trial, whereas PgQ accounted for luxury consumption, 
P20 appeared inadequate. The data thus confirm the well 
established role of phosphorus in cell division and expansion 
(Hewitt, 1963; Black, 1968; Patnaik, 1987). Adequate 
provision of this nutrient at sowing by the application of 
P40 together with supplementation through wastewater 
(Tables 51-56) might have promoted tissue and organ 
formation optimally which resulted in enhanced growth 
culminating in increased leaf and tiller formation (Tamhane 
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et al., 1970). Expectedly, the additional leaf area would 
result in higher photosynthetic rate as reported for 
phosphorus application in other crops, including wheat 
(Natr, 1972; Osman et al., 1977; Longstreth and Nobel, 
1980) and produce more dry matter which is the best measure 
of plant vigour. 
The treatment N-j^ 20^ 40 (Experiment 5) proved optimum 
exhibiting a well defined synergistic effect between applied 
phosphorus and nitrogen, as both are known to accelerate 
root proliferation (Grunes and Krantz, 1958) thus 
facilitating the uptake of nutrients and water. It is, 
therefore, not surprising that N^20^40 enhanced all growth 
parameters maximally. These observations confirm the 
beneficial role of phosphorus in the presence of sufficient 
quantities of nitrogen in various processes of growth. In 
this connection it is relevant to emphasize that balanced 
nutrition plays an important role in bringing about the 
maximum benefit of the genetic potential in terms of growth 
and development of a crop (Milthrope and Moorby, 1979; 
Noggle and Fritz, 1986; Fatima, 1993). 
In general, in all the five experiments, the tiller 
number of triticales increased upto 70-100 DAS but was 
arrested thereafter, while the number of leaves remained 
highest at 100 DAS and decreased at 120 DAS (Table 40). The 
decline in leaf number after its increase in the initial 
stages may be due to senescense of older leaves. The same 
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trend was also noted in leaf area. The concentration of 
the labile nutrients in young leaves is normally maintained 
through their transport from the older leaves and can lead 
to early senescence fGreenway and Qunn, 1966; Akhtar, 1986). 
However, transfer of mineral nutrients from older to younger 
leaves is not the only cause of leaf senescence. Being a 
part of the process of plant development, it is under 
genetic control (Thomas and Stoddard, 1980; Akhtar, 1986). 
As is well known, the development of sink (grain in the 
present study) is a death message to the older leaves as 
most of the mobile nutrients get translocated towards the 
developing organs (Bidwell, 1979). Plant height, fresh 
weight and dry weight were generally found to increase in 
linear fashion upto the last sampling (120 DAS) in all the 
experiments. However, it may be pointed out that the 
increase was more sharp at the early stages and slow 
during the later period of growth which is a common 
phenomenon in the case of cereals. 
5.2 Leaf N, P and K contents 
5.2.1 Nitrogen 
In Experiments 1 and 2 (Tables 9-11 & 25-27) , leaf 
nitrogen, phosphorus and potassium contents increased as a 
result of the application of sewage wastewater. It may 
probably be due to additional nutrients supplied by the 
wastewater as noted in Table 2 (Sullivan 1970; Lance and 
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Gerba, 1977; Bole and Bell, 1978; Brar and Miller, 1978; 
Reynolds et al., 1978; Sopper, 1978; Wallace et al., 1978; 
Day et al., 1979; Hocking, 1985; Baddesha et al., 1986; 
Patterson and Allan, 1989). 
In Experiment 5 treatments NgQP2o» ^90^20 ^^^ ^60^60 
were at par with NQPQ, probably (Table 1) soil provided the 
required nitrogen because of sewage irrigation. 
In Experiments 2 and 3, leaf nitrogen concentration was 
found to increase appreciably with the application of 
fertilizer nitrogen (Tables 25 & 41) , being more in 
plants recieving higher doses of nitrogen as fertilizer. In 
Experiment 5, in general, irrespective of the P dose, N2^ 2o 
was responsible for accumulation of more leaf nitrogen. 
Such an observation is not unexpected as there are a number 
of reports from this laboratory and outside where nitrogen 
accumulation was un-affected by the doses of phosphorus 
(Lundegordh, 1951; Grunes and Krantz, 1958; Sundara Rao and 
Krishna, 1963; Safaya, 1971; and Inam, 1978). 
For nitrogen content, varieties differed in their 
response from one experiment to another. Delfin was found 
superior to the other triticales and wheat (Experiment 1) . 
In Experiments 3 and 4, TL-419 proved superior to Juppa *S' 
and wheat and in Experiment 5, again TL-419 performed 
better than Juppa*S'. Such varietal differences are 
understandable as mirieral nutrition of crop plants is known 
to be under genetic control as indicated by the numerous 
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nutritional differences among the cultivars and strains. In 
some cases, major nutritional features are under the control 
of a single gene pair. However, in many cases more genetic 
systems are involved (Marschner, 1986) . 
5.2.2 Phosphorus 
In Experiment 2, application of higher doses of 
nitrogen to plants did not enhance leaf phosphorus content, 
^120 giving the maximum leaf phosphorus content. In 
Experiment 4, when P^Q was applied the leaf phosphorus 
content was maximum in P4o- Application of PgQ did not 
result in any increase, indicating that P^Q was sufficient 
when applied with sewage wastewater. Generally, PgQ is the 
recommended dose of phosphorus (Inam, 1978) for triticales 
under local conditions. However, with wastewater being 
given to the crops, additional phosphorus was available to 
them, which enabled P^Q to suffice. In Experiment 5, a 
comparison of different phosphorus doses indicated that P^Q 
and PgQ produced equal effect on leaf phosphorus content 
which was clearly hi-gher than noted in P2o- ^^ comparison 
with PQ and P20 applied with NgQ, NQQ and N-j^ 20' various 
combinations of P^Q and PgQ with NgQ, NQQ, and N-j^2o gave 
higher leaf phosphorus content, indicating the 
insufficiency of the lower phosphorus doses (PQ and P20) 
irrespective of the dose of nitrogen applied with them, as 
is evident from Table 74. 
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For varietal response (Experiment 1), Delfin proved 
best and TL-419 came close to it after 100 DAS for 
phosphorus accumulation. Variety TL-419 (Experiment 4) also 
proved superior to Juppa'S' as well as HD-2204 at all 
stages. Similarly, in Experiment 5, TL-419 accumulated more 
phosphorus than Juppa^S' throughout the growing period. 
Apparently, these differences may be due to the 
differences in genetic make up. Genotypes are known to 
differ considerably in their ability to absorb and 
distribute nutrients among various parts of the plants 
(Vose, 1963; Epstein and Jefferies, 1964; Langer, 1966; 
Inam, et al., 1982 b; Abbas et al., 1983; Moinuddin, 1989; 
Fatima, 1993). 
5.2.3 Potassium 
In general, the effect of different doses of 
nitrogenous and phosphatic fertilizers on leaf potassium 
content was non-significant. Where significant, there was 
considerable overlapping in the treatment effect. It might 
be because potassium was applied uniformly as basal dose. 
Intrestingly, leaf nitrogen contents were higher than 
potassium contents in almost all the experiments but 
phosphorus contents were lower as expected. The lower 
potassium contents than those of nitrogen noted in the 
present study are in contradiction of the earlier studies on 
triticales by Inam (1978). This may be mainly attributed to 
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the difference in the potassium status of the two soils 
where the studies were conducted. 
In Experiment 1, Delfin proved the best triticale 
variety, followed by HD-2204 as far as leaf potassium 
content was concerned. It is intresting to note that HD-
2204 was superior to TL-419. Again in Experiment 4, HD-2204 
proved best followed by Juppa'S' and TL-419. As explained 
earlier, these differences might be traced to differences 
in the efficiency of absorption and utilization of the 
nutrient constituents of the soil by the cultivars. 
It is clear from the Tables 9-11, 25-27, 41-43, 57-59 
and 73-75 of Experiments l to 5, that leaf nitrogen, 
phosphorus and potassium concentration increased only upto 
70 DAS and decreased with age. It is an established fact 
that nutrients attain highest concentration in plants during 
early stages of development which declines progressively 
towards maturity. It may be due to the exponential growth 
(weight and volume) of plants due to which any increase in 
nutrient concentration is nullified and appeares to be less 
when expressed on per unit basis and is commonly termed as 
"dilution with growth effect". Other workers in our lab 
have also made similar observations on triticales (Inam, 
1982 b; Moinuddin, 1989; Samiullah et al., 1991; Fatima, 
1993) . 
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5.3 Net assimilation rate (NAR) 
In Experiments 1 and 2, NAR of triticale plants seemed 
to increase under wastewater irrigation. This may be due to 
the noted increase in such growth attributes as, leaf 
number, leaf area and dry matter (Table 2). 
In Experiment 2, NAR increased with the increase in 
nitrogen upto N-j^ 20' ^ ^i^s higher doses did not increase it 
any further. Contrary to it, in Experiment 3, initially NQ 
gave comparatively higher NAR, followed by NgQ while lower 
NAR was recorded in treatments N^Qand N^20- ^^ might be 
because at early stage increased nutrient absorption led to 
more vigorous growth which in turn led to increase in number 
of leaves thereby increasing leaf area for photosysthesis; 
but due to shadowing of lower leaves the total exposed area 
was reduced. With NgQ and NQQ (Experiment 2) there was no 
over-crowding of leaves, thus the leaf area was not shadowed 
(or reduced) by over-crowding of leaves, thus the total 
leaf area was available for photosynthesis. In Experiment 3 
at later stage of growth, the condition was reversed, i.e 
application of NgQ, N^Q and N-j^2o 9^^^ similar NAR values 
but these were distinctly higher than those in NQ. For both 
the treatments (NQ and higher, NAR was calculated using the 
total leaf area (here mention may be made that NAR is a 
measure of the average net CO2 exchange rate per unit of 
leaf area in the plant) present in the plant. But plants 
treated with NQ having lesser leaf area could expose all 
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the area Cowards sun, whereas in plants treated with higher 
nitrogen experienced mutual shadowing due to higher leaf 
area. This might be the reason for lesser NAR due to 
increased N dose at initial stage. At 100-120 DAS stage the 
reverse happened i.e. the leaves of NQ plants dried up and 
exposed lesser leaf area to sun for photosynthesis and in 
higher 15 treatTTient the leaves were green bMt lesser exposed 
leaf area so there was no natural shadowing and so the NAR 
increased when compared to NQ treatment (Gardner et al. 
1985). Intrestingly, in Experiment 3, NgQ proved optimum 
treatment for NAR at later stage of growth, while, NQ gave 
higher NAR at the initial stage. The reason might be the 
supply of nitrogen through wastewater which might be 
adequate for the initial growth to attain optimum leaf 
area. In Experiment 4, in which different phosphorus doses 
were applied, P^Q gave higher NAR throughout the growth 
period. In Experiment 5, at the early stage of growth, 
NgQP^Q, the dose containing lower nitrogen, had higher NAR. 
While, at later stage of growth, almost reverse trend was 
noted where combinations containing higher nitrogen doses 
proved effective. In P defiency there is insufficient cell 
expansion and limited leaf growth rate thereby causing lower 
LAI and NAR while P4Q being the optimum dose in present 
study provided sufficient leaf area for proper NAR 
(Marchner, 1986) . There are number of studies where 
inadequate P supply lowers the rate of photosysthesis and 
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the activity of various enzymes (Khasawneh et al., 1980). 
In Experiment 1, TL-419 surpassed all varieties 
including Delfin and HD-2204 during both samplings. In 
Experiment 3, TL-419 proved to be a better variety at the 
later stage while, Juppa'S' gave better results at the 
earlier growth stage. In Experiments 4 and 5, TL-419 gave 
higher NAR values at early period of growth but Juppa'S' 
took its place in later period of growth. Interestingly in 
experiment 5, compared with Juppa'S', TL-419 gave higher NAR 
values with lower nitrogen doses in the nutrient 
combinations applied which goes to prove the higher 
efficiency of TL-419 over Juppa'S' in utilizing the applied 
nutrient at the initial stage itself. While at the later 
stage, both varieties responded better to combinations 
containing higher nitrogen doses. 
5.4 Yield characteristics 
5.4.1 Nutrient effect 
In Experiments 1 and 2, compared to groundwater, sewage 
wastewater irrigation increased all the yield 
characteristics, including grain yield. It may be recalled 
that wastewater also proved superior in its effect on growth 
parameters as discussed earlier. It is reasonable, 
therefore, to presume that the better effect on these 
characteristics manifested itself in improving such yield 
parameters as ear number, ear weight, 1,000 grain weight and 
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grain number which cumulatively accounted for higher grain 
yield (Tables 13-16 & 29-32). The higher straw yield under 
wastewater irrigation could be expected on the basis of the 
better vegetative growth. These findings are confirmed by 
the earlier reports from CPHERI (1970) Sopper (1978), Day 
et al., (1979), Overman (1979 a), Cordonnier and Johnston 
(1983), Veer and Kusumlata (1987), Papadopoulas and 
Stylianou (1988 a) and Neilsen et al., (1989). In Experiment 
2, out of six nitrogen treatments, N^20 9^ "^ ® ^^^ maximum 
yield while, N-J^ Q^, ^I80 ^^^ ^210 consumed luxuriently as 
these treatments could not increase the yield further 
inspite of higher nitrogen accumulation in the leaves 
(Tables 25 & 32). 
In Experiment 3 also, ^^^.lO 9^ "^ ^ ^^^ highest grain yield 
confirming the findings of Experiment 2. As explained above, 
yield is the expression of the total effect of the yield 
parameters, like ear number per plant, length per ear, 
spikelet number per ear, grain number per ear, ear weight 
per plant and 1,000 grain weight, most of which were 
beneficially affected by the application of N-j^ 20- -^^ fact, 
the aim of the cereal breeder/ physiologist is fulfilled if 
he succeeds in increasing one or more of these ear 
characteristics. There is considerable literature where 
higher grain yield has been obtained in this manner. Of 
these, Samiullah (1971), Langer and Liew (1973), Ahmad 
(1975), Inam (1978), Aziz (1991), Fatima (1993), and Yahiya 
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(1993) may be mentioned. 
In Experiment 4, more grain was produced when P^Q was 
applied while PgQ proved wasteful, probably due to its 
luxury consumption. In general, the yield attributing 
parameters were benefited most with P^Q application which 
in turn promoted grain yield. This finding is not in 
agreement with the findings of Fatima (1993), Moinuddin et 
al. , (1990 a) and Samiullah et al., (1991) of our 
laboratory who have reported PgQ to be the optimum dose for 
triticale and allied crops. It may, however, be noted that 
their crops were irrigated with groundwater. As in the 
present experiment, sewage wasewater was used for 
irrigation, it is reasonable to believe that it would have 
furnished additional phosphorus to the crop. The data of 
Experiment 5 confirms this assumption indirectly. Like other 
yield parameters, grain yield was noted to be maximum in 
treatments N,2o^40 ^^^ ^120^60 which were at par in their 
effect while P20 with all doses of nitrogen proved 
inferior. The treatments N^20^40 ^^ "^  ^ 120^60 9^ "^ ® similar 
effect on ear number per plant. The treatments N-j^ 20^ 20' 
NgpPgQ and NQQP^Q were also equally effective for number of 
ear per plant. These three treatments affected most of the 
yield parameters similarly as noted above, indicating that 
with higher dose of nitrogen, lower dose of phosphorus may 
be given and vice-versa. It may be pointed out here that 
the doses containing more nitrogen were responsible for 
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higher production of ears. In general it may be sununarised 
that NgQ was poor, N^Q was medium and N-|^20 ^ ^^ optimum and 
P20 was poor, P^ Q was optimum and Pgg exhibited luxury-
consumption. 
5.4.2 Varietal differences 
In Experiment 1, the cultivar Delfin performed best. The 
superior yielding ability of this variety has been 
established earlier by Moinuddin et al., (1990 a, b) and 
Aziz, (1991) under local conditions. It was followed by TL-
419 which in turn was superior to local wheat check. The 
superiority of these cultivars of triticale over wheat 
manifested itself early at the tillering stage and was 
maintained throughout the growth period resulting in higher 
fresh and dry weight (Tables 7 & 8) . The superiority of 
Del fin and TL-419 over wheat on the one hand and the poor 
performance of Juppa'S', Mula'S' and Tigre'S' on the other 
can be attributed to genetic variations. In fact, sufficient 
information is avialable where genotypes have been found to 
differ considerably in their ability not only in absorption 
but also in translocation and accumulation of nutrients. 
Such varietal differences are well known in cereals 
including triticale (Millikan, 1961; Vose, 1963; Langer, 
1966; Inam, 1978; Ashfaq, 1986; Moinuddin, 1987; Aziz, 1991; 
Fatima, 1993) . The poor performance of the three triticale 
cultivars (Juppa'S', Mula'S' and Tigre'S') may be because 
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of the lower values obtained for various yield parameters 
(Tables 13-16) . In Experiments 3, 4 and 5 also, TL-419 
proved superior in almost all the yield parameters, 
including grain yield (Tables 48, 64 & 80) . Moreover in 
Experiment 3 when interaction was studied, it was marked 
that, following the pattern of growth parameters, N-]^2 0 ^ 
TL-419 gave the best yield and N^Q X TL-419 followed it. It 
is to be pointed out that TL-419 interacted well even with 
lower doses of nitrogen e.g. Ngg x TL-419 gave similar yield 
as N^20 ^ wheat while N^Q X TL-419 recorded even higher 
grain yield than N^2o ^ wheat, probably an inherent genetic 
factor whereby TL-419 was able to extract nutrients more 
efficiently. Juppa' S' could not match TL-419, thereby 
indicating that Juppa*S' did not have this character of 
utilizing lower doses of nitrogen. From agronomical point of 
view and in an operational sense, genotypical differences in 
the nutrient utilization efficiency of crop plants are 
usually defined by the differences in relative growth or in 
yield when grown in a deficient soil. For a given genotype 
nutrient efficiency is reflected by the ability to produce 
high yield in a soil that is limiting in one or more mineral 
nutrient for a standard genotype. This is an important topic 
for the selection and breeding of genotypes adapted to low 
nutrient availability in soils and with a high efficiency in 
the utilization of soil and fertilizer nutrients (Marschner, 
1986) . 
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5.5 Grain quality 
5.5.1 Nutrient effect 
Plants draw from the soil a number of essential 
nutrients and water which they utilize not only for their 
growth and yield but also for attaining the quality of 
their produce. If any of these inputs is deficient, the 
quality of the crop is likely to be affected as they are 
involved in the biosynthesis of various metabolites. 
In Experiment 1 and 2, wastewater benefitted plants by 
improving their grain protein and carbohydrate yields 
through higher grain yield over groundwater irrigation. In 
Experiment 2, grain protein and carbohydrate yields 
increased upto N-|^ 20' showing that this dose was sufficient 
to produce optimum results as nitrogen applied beyond this 
level did not bring about any further increase in protein 
and carbohydrate yields. In Experiment 3, N^Q and N^20 
proved equally effective in terms of total protein content 
while N-j^ 2o Pi^ oved to be the best treatment for grain 
carbohydrate content, Interestingly, N^Q and N^Q produced 
similar effect to that of NQ . This could be due to sewage 
wastewater irrigation providing sufficient nitrogen for 
protein and carbohydrate production. However, for protein 
and carbohydrate yield the treatment N^20 Performed best, 
confirming the data of Experiment 2. In Experiment 4, 
grain protein and carbohydrate yields were equally affected 
by P^ Q and PgQ which gave the best results, thus exhibiting 
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the same pattern as noted in grain yield and other 
characteristics. In Experiment 5, N^20^40 P^°^^^ optimum 
for total protein content, while it was at par with N.^ 20^ 60 
for protein and carbohydrate yield indicating that increased 
nitrogen fertilization, irrespective of P fertilizer dose, 
results in higher protein and carbohydrate yield. The 
manurial ingradients of wastewater not only effectively aid 
the healthy developmefnt of crops but also improves the total 
grain yield substantially. There are reports where the 
wastewater irrigation adversely affects the grain quality in 
terms of protein and carbohydrate contents (Veer and 
Kusumlata, 1987; Aziz et al., 1995). However, in the present 
study the effect of wastewater was non-significant. When the 
protein and carbohydrate were computed with total yield 
which was significantly higher under wastewater irrigation, 
the total protein and carbohydrate yields were also higher 
indicating the feasibility of sewage wastewater irrigation 
at least when sufficient groundwater is not available. After 
reviewing comparative yields of crops grown in western 
United States, Hutchins (19J@) reported higher yields with 
sewage wastewater than with other waters (surface and 
underground). 
Nitrogen doses containing N^Q to N^20 with P^Q proved 
optimum in comparison to higher doses, may be due to the 
sufficient manurial ingradients supplied to crops by the 
sewage (Table 2) particularly the nitrogen, phosphorus and 
potassium. This association renders the sewage a complete or 
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balanced fertilizing agent (Mahida, 1981). 
5.5.2 Varietal differences 
In experiment 1, total protein content of Delfin and HD-
2204 (wheat) was highest. It was followed by TL-419 and 
other cultivars. While carbohydrate content and protein 
yield were highest in Delfin and TL-419, HD-2204 following 
it. In Experiments 4 and 5, TL-419 remained superior for 
grain protein yield and carbohydrate content over 
Juppa'S'. 
The progress of triticale in terms of productivity and 
quality during the last 20 years was significant. A specie 
with poor germinating ability, low yield and shrivelled 
grains was transfonped into chemically viable crop with 
enormous potential under different environments. In the 
present study triticale (Delfin, TL-419) proved its 
superiority over wheat in protein as well as carbohydrate 
yield. Also N^2o ^ TL-419 proved best for protein yield. It 
may be because of higher grain yield in triticales in 
comparison to wheat (Experiment 1). In Experiment 3 and 4, 
triticale (TL-419) yielded more protein and carbohydrate in 
camparison to wheat (HD-2204) when calculated. On the basis 
of the higher grain yield in the former crop. The 
superiority of TL-419 was also reported by Kaur and Takkar 
(1987) while evaluating the eight wheat lines with TL-419 
under alkaline soil (pH 8.8) with manganese deficiency. 
Triticale cultivar Juppa^S' was the poorest when compared 
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yield. The differences between triticales and wheat for such 
variations demostrates the immense genetic variability among 
the genotypes tested in the present study (Baier, 1991). 
Considering the protein contents however TL-419 lagged 
behind the wheat. It may be because of the dilution effect 
(Inam, 1978 & Aziz, 1991) a phenomenon generally associated 
with higher yields as noted in Experiment 1, 2 and 4. 
5.6 Proposals for future work 
The experiments discussed above have clarified fewer 
problems pertaining to sewage wastewater irrigation, crop 
triticale and fertilizer doses. However, it may be admitted 
that the study being original, was handicapped by several 
drawbacks including meagre samples of grain to start with. 
Also, the number of available varieties was limited. Now 
that more and better responding triticales are available it 
is proposed to extend the present study in future on the 
following lines: 
1. More varieties must be tested than the present one. 
2. Pathological analysis of sewage wastewater must be 
undertaken. 
3. Heavy metals should be analysed in plant tissue 
including grain. 
4. Lysine content of the protein may be analysed in grains. 
5. Seasonal variations in sewage wastewater composition may 




The importance of the problem " Physiomcrphologicai 
Response of Triticale to Sewage Wastewater" has been breifly 
considered. In view of the lacunae in the under stranding of 
this problem, justification has been put forward for 
undertaking the present work (Chapter 1). 
The literature pertaining to sewage wastewater effect on 
plants and soils, sludge and history and progress of 
triticale as a crop has been reviewed with special reference 
to the work done abroad and in India (Chapter 2). 
The details of the materials and methods employed tor 
the five field experiments have been given v;ith the rele^ '-anl 
meteorological and edaphic data (Chapetr 3). 
The data which were found significant on stati-stica! 
analysis at 5% level according to che design of eacn 
experiment, have been considered in detail (Chapter 4'. 
The main results have beeen discussed in the light of 
earlier reserches undertaken at Aligarh and elsewhere 
(Chapter 5) and are summarised below: 
Experiment 1 was conducted during the "rabi' season of 
1991-92 to test the comparative utility of sewage wastewater 
and groundwater used as irrigant on the basis of growth, 
I'/l 
yield and quality of five triticales, including Mexican 
varieties, Delfin(established at Aligarh as the best 
yielder), Juppa'S', Mula'S'. Tigre'S' and the Indian variety 
TL-419 (bred at PAU, Ludhiana employing Mexican parents) and 
one of the locally popular dwarf wheat (HD-2204) as check. A 
uniform basal dose (N^20^60^60^ ^^^ applied at sowing. 
Growth characteristics were noted at three stages namely, 
tillering (70 d) , headingdOO d) and milky grain stage (120 
d) included tiller number, leaf number, plant height, fresh 
weight and dry weight per plant, leaf NPK, net assimilation 
rate. Yield characteristics, recorded at harvest included 
ear number per plant, length per ear, ear weight per plant, 
spikelet number per ear, grain number per plant, 1,000 grain 
weight, grain yield and straw yield. Grain quality was 
assessed after harvest on the basis of grain protein content 
and yield and carbohydrate content and yield. Sewage 
wastewater proved superior to ground water in increasing 
most of the parameters mentioned above. Among the varieties, 
Delfin performed best followed by TL-419 and wheat. On the 
other hand Juppa'S' and Mula'S' gave the poorest response, 
TL-419 surpassed the'wheat check for grain quality, except 
protein content. 
Experiment 2 was conducted simultaneously with 
Experiment 1. The aim of this experiment was to compare the 
effect of sewage wastewater and groundwater at six doses of 
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growth, yield and quality of triticale variety TL-419 
(because of its adaptation to Indian conditions) at three 
growth stages. A uniform basal dose of Pgo^SO ^^^ applied 
at sowing. 
In comparison to groundwater, application of sewage 
wastewater resulted in better growth, yield and quality. The 
nitrogen doses applied at sowing responded differently. ^^.20 
proved optimum with doses higher than N-j^20 exhibiting luxury 
consumption. 
Experiment 3 was conducted in the folllowing 'rabi' 
season (1992-93) . The aim of this experiment was to study 
the effect of sewage wastewater applied with four nitrogen 
doses (NQ, Ngo' ^90 ^^^ ^120^ °^ ^^® basis of the 
comparitive performance of the two contrasting varieties of 
triticale and on one wheat check, namely TL-419, Juppa'S' 
and HD-2204. A uniform basal dose of Pgo^60 ^^^ applied at 
sowing. The same growth, yield and quality paramenters as 
in Experiments 1 and 2 formed the basis of comparison. N-]^2o 
proved optimum for most of the parameters studied, including 
the grain yield and quality. Among the varieties, TL-419 
proved superior to wheat and Juppa'S' interms of growth and 
yield parameters. Regarding grain quality wheat performed 
best, followed by TL-419 and Juppa'S' for total soluble and 
insoluble protein content. However, for protein yield, TL-
419 proved best, followed by wheat and Juppa'S' in that 
order. 
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In conclusion, it may be added that the following 
observations are new additions to the literature.-
1. Sewage wastewater proved beneficial to plant growth ana 
yield. 
2. Sewage wastewater does not affect the protein and 
carbohydrate content significantly. 
3. However, sewage wastewater enhances total protein and 
carbohydrate yield. 
4. Fertilizer treatments N^Q and N-J^^Q and P^Q proved 
optimum in presence of sewage v;astewater irrigation for 
'triticale. 
5. Treatment Nj^2o^40 Proved optimum for TL-419 and Juppa' S' 
when irrigated with sewage wastewater. 
6. Out of the five triticale cultivars, De]fin and TL-419 
proved superior to wheat (HD-2204) under local agro-
climatic conditions. 
7. Among various varieties tested Juppa'S' proved inferior 
in all respect. 
8. TL-419 remained superior in grain yield, protein and 
carbohydrate yield, and thus can be safely be 
recommended for commercial cultivation under sev/age 
wastewater irrigation. 
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Experiment 4 was carried out toghether with Experiment 
3. The aim of this experiment was also to study the effect 
of sewage wastewater on the performance of the same three 
varieties as taken in Experiment 3, .applying four phosphorus 
doses of PQ, P2O' ^40 ^^ "^  ^60 "it^ ^ uniform basal dose of 
^120^60 ^^ sowing. Parameters recorded were the sam.e as in 
earlier experiments. P^Q proved optimum for growth, yield 
and quality paramneters while PgQ proved wasteful. TL-419 
gave the best results regarding growth, yield and quality, 
except grain protein content. 
Experiment 5 was performed together with Experiment 3 
and 4. The aim of the study was to find out the effect of 
sewage wastewater taking ten combinations of nitrogen and 
phosphorus. The varieties tested were TL-419 and Juppa'S'. 
The N and P doses were N Q P Q , NgoP2o, N90P2O' ^120^20' 
^60^40' N90P40' N120P4O' ^60^60' ^90^60 ^"^ ^^20^60- ^ 
uniform basal dose of KgQ was also applied at sov/ing. 
Parameters recorded were again the same as selected in 
earlier experments. N-]_2oP4o 9^ "^ ® optimum results, TL-419 
out-yielded Juppa'S' in all respects. 
The present chapter is followed by references cited in 
the test and an appendix giving details of the procedures 
adopted for the preparation of various reagents used in the 
course of five experimets. 
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A P P P E I N D I X 
PREPARATION OF REAGENTS FOR PLANT ANALYSIS 
(1) Reagents for Carbohydrate estimation 
i) I.5N-H2SO4 20.4 ml cone. H2SO4 was aissolved in 
distilled water and volume was made upto 500 ml. 
(2) Reagents for Protein estimation 
i) Reagent A: 2 percent sodium carbonate + O.IN 
sodium hydroxide (1:1) . 
ii) Reagent B : 0.5% copper sulphate -t 1 percent 
sodium tartarate (1:1) . 
iii) Reagent C : Alkaline copper sulphate solution 
obtained by mixing 50 ml of reagent A with 1 
ml of reagent B. 
iv) Reagent D :Carbonate copper sulphate solution 
same as reagent C, except for omissioii of MaOH. 
v) Reagent E : IN acid Folin reagent, lOOgm of sodium 
tungstate and 25 gm of sodium molybdate was 
dissolved in 700 ml of water and kept m a 1500 nj 
flask. 50 ml of 85% phosphoric acid and 100 
ml of concentrated hydrochloric acid was added 
The flask then connected with a reflnx concie/i^ iti 
and boiled gently on a heating mantle for 10 hr 
At the end of the boiling period, 150 gm lithium 
sulphate, 50 ml of water and 3-4 drops of liquxd 
bromine added to the flask. The reflux removed 
and the solution was boiled for 15 min to remove 
excess bromine. Cooled and diluted to 1000 nil 
with distilled water. The strength of this acidic 
solution estimated by titrating it with IN solution 
of NaOH using phenolphthalene as indicator and 
diluted to the required strength (j.N) !) 
VI) IN NaOH: 4 gm of NaOH was dissolved m distilled 
water and finally volume v;as made upto 100 m] . 
B. PREPARATION OF REAGENTS FOR SOIL CHEMICAL ANALYIS 
(1) For the estimation of Organic Carbon 
i) IN Potassium dichromate : 49.04 gm KpCr20.^ was 
dissolved in distilled water and finally it 
made up to 1 L 
/.'a.< 
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ii) 0. 5N Ferrous ammonium sulphate : J 96 g of 
hydrated ferrous ammonium sulphate dissolved 
in distilled water. 20 ml of concentrated 
sulphuric acid was added and volume made upto 
1 L. 
iii) Diphenyl amine indicator : 0.5 g diphenyl 
amine dissolved in a mixture of 20 ml of water 
and 100 ml of concentrated sulphuric acid. 
iv) Orthoph.osphoric acid 85% 
V) Sulphuric acid - Not less than 96-o 
[2) Nitrate nitrogen 
i) Phenol disulphonic acid : 25 g of pure pheno] 
(CgHcOH, crystal white) taken in a dry conical 
flasK (500 ml) . 150 ml concentrated sulphuric 
acid (nitrate free) added and )<:ept on boiling 
water bath for 2 hr. After cooling stored in 
amber coloured bottle. 
ii) Liquor ammonia (1:1) : Ammonia having 0.88 
sp.gr. diluted with equal volumie of water. 
3) Available phosphorus 
i) Olsen'g reagent : 42.0 g of NaHCO-^ dissolved 
in distilled water to give one Titre of the 
solution and pH adjusted to 8.5 with small 
quantities of NaOH. 
ii) Dickman and Bray's reagent :15 g of ammonia 
molybdate dissolved in 300 ml of luke warm 
water (about 60°C), cooled and filtered. 400 
ml of ION HCl added and finally the volume 
made upto IL. 
iii) Stannous chloride solution; 10 g of crystaline 
stannous chloride dissolved in 25 ml of 
concentrated HCl by warming and stored in 
an amber coloured bottle, giving a40% SnCl2 
stock solution. Just before use, 0.5 ml 
diluted to 66 ml with distilled v;ater . 
iv) 7N H2SQ^: 19.6 ml concentrated sulphuric: acid 
added to double distilled water and the final 
volume was made upto 100 ml. 
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(4) Potassium 
i) Ammonium acetate solution (Neutral and Normal): 
Solution of 2 N acetic acid (glacial) and 2N 
ammonium hydroxide prepared by titration with 
standard alkali and acid respectively and equal 
volumes of the two were mixed m a large beaker. 
On cooling, pH ad^justed to 7 .0 with acetic acid 
(5) Calcium 
i) O.OIN EDTA solution: 2.0 g of ethylene diamine 
tetra acetic acid dissolved m distilled water 
and final volume made upto 1000 ml 
ii) Murexide indicator. 0.2 g ammonium purpurate 
mixed with 40 g of powdered potassium sulphate 
(6) Cation exchange capacity (CEC) 
i) 0.IN Sodium hydroxide solution 4 gm o£ sodium 
hydroxide dissolved m distilled water aiid the 
final volume was made upto 1000 ml 
(7) Sulphate 
i) Conditioning reagent 50 ml glycerol mixed 
m a solution containing 30 ml HCl and 300 
ml distilled water + 100 ml of 95% ethyl 
alcohol and 75 g sodium chloride. 
(8) Chloride 
i) Potassium chromate indicator 50 g ot potassium 
chromate was dissolved m distilled water 
Silver nitrate solution was added until a red 
precipitate appeared . After standing 
overnight filtered and diluted to 1000 ml with 
distilled water 
li) Standard silver natrate titrant (0 0141N). 
2.395 g silver nitrate dissolved m distilled 
water and diluted to 1000 ml . 
(9) Carbonates and bicarbonates 
i) Phenolphthalem indicator 0 25% solution made 
in 60% ethyl alchohol. 
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11) 0 OIN Sulphuric acid 0 2'^ 2 nil sulphuric acid 
diluted m distilled water and final volume 
made upto 100 ml 
111) Methyl red indicator 0 5% solution made m 
95% alchohol 
(10) Nitrate nitrogen 
i) Phenol disulphonic acid 25 g pure phenol (CgHc-OH 
crystal white) m conical flask (500 ml) ISO 
ml concentrated sulphuric acid initrate-free) 
and 75 ml fuming sulphuric acid (nitrate-free^ 
added and kept on boiling water bath for 2 hr 
coverd with watch gass and stored m amber 
colour bottle 
C. PREPARATION OF REAGENTS FOR ANALYSIS OF WATER 
(1) Biological oxygen demand (BOD) 
i) Manganovis sulphatesolution 40 gm of manganese 
sulphated dissolved in distilled water and 
volume was made upto 100 mL 
ii) Alkali azide reagent 50 g of oodiuni h/droxiae 
and 13 5 g of sodium iodide diluted to 100 
ml with distilled water I gm of sodium azide 
dissolved in 4 ml of distilled watei and add<^ d 
to above solution 
(2) Chemical oxygen demand (COD) 
i) Standard potassium dichrom.ate solution 0 25N 
12 259 g potassium dichromate dissolved m 
distilled water and final volunidladr upto 
100 0 mL 
ii) Standard ferrous ammonium sulphate solution 0 1 
N 39 g FAS dissolved m distilled water 20 
mL of concentrated sulphuric acid added and 
finally volume made upto 1000 rrL 
111) Ferrom indicator solution 1 485 g 1,10 
phenanthrolme monohydrat e , toghether with 495 
mg FeSO^, dissolved m distilled water and 
finally volume made upto 100 mL 
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3) Total hardness 
i) 0.01 M ethylene diamine tetra acetic acid 
3.723 g EDTA dissolved m distilled water and 
diluted to 1000 mL. 
11) Eriochrome Black T indicator: 0 5 a dye wae 
mixed with 100 g og 2,2,2 nitrilotrieLhanol 
(4) Carbonate and bicarbonates • 
i) Phenolpthalein indicator : 0 25?c ^.oluLion made 
in 60% ethyl alcohol. 
ii) Standard sulphuric acid (0.01 N) • 2.72 mL 
sulphuric acid diluted in distilled water and 
final volume was made upto 1000 mL. 
lii) Methyl red indicator: 0.5% solution m 95% 
alcohol. 
(4) Chloride 
i) Potassium chromate indicator solution SO g 
K2CrO. dissolved in distilled water, silvei 
nitrate solution was added till a definite orange 
red precipitate appeared. After it was filtered 
and diluted to 1 L with distilled water. 
11) Standard silver nitrate titrant (0 0143 N ) : 
2.395 g AgNO^ dissloved m distilled water and 
dJluted to 1000 mL. 
(5) Sulphate 
i) Conditioning reagent: 50 mL glycerol mixed m a 
solution containing 30 mL concentrated HCl + 
300 mL distilled water + lOO mL ethyl alcohol + 
75 g NaCl. 
(6j Calcium 
i) Ammonium purpurate. 150 mg ammonium purpurate 
dissolved in 100 g ethylene glycol. 
11) EDTA 0.01 M: 3.723 g EDTA dihydrate salt 
dissolved in distilled water and d3luted to iOOO 
mL. 
Ill) I N NaOH solution: As above m 2 (vi) 
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